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PART ONE

SOLUTION PROCEDURE AND NUMERICAL RESULTS

I. INTRODUCTION

The purpose of the present report is to develop an H-field solution
which can be used alone or used in conjunction with the E-field solution
in [1] to obtain a combined field solution which is hopefully more accurate
than the one in [2]. Here, H-field solution means a solution to the mag-
netic field integral equation for a perfectly conducting body immersed in
an incident electric field. Similarly, E-field solution means a solution
to the electric field integral equation. In [1] and in the present report,
solution is by the method of moments with a Fourier series in ¢. For com-
patibility, the expansion functions used in the present report must t=z the
same as those in [1]. In [1] and in the present report, the t Jlependence
of the expansion functions is subsectional. Pulses are used for the ¢ com-
ponent of the unknown electric current induced on the surface S of the body
of revolution. Triangles divided by the cylindrical coordinate radius are
used for the t component. Here, t and ¢ are orthogonal coordinates on S, t
being the arc length along the generating curve of S and ¢ the azimuthal

angle.

Computations indicate that the E-field solution of [1] is more
accurate than the E-field solution of {2] and that the present H-field solu-
tion is nearly as accurate as the H-field solution of [2]. Hence, the com-
bined field solution obtained by putting together the present H-field solu-
tion and the E-field solution of [1] should compare favorably with the
combined field solution of [2].

Early work on H-field solution: I« surmmarized in [3]. Two recent
H-field solutions are presented in [4] and [2]. The solution in [4] uses
pulse expansion functions for both t and ¢ components of the unknown elec-
tric current induced on S. H-field formulations are basic ingredients in
solutions to problems of scattering by a dielectric body of revolution [5],
(6], [7] and a dielectrically clad conducting body of revolution [8]}. The
expansion functions in [5] and [8] are triangles divided by the cylindrical

s i ZhA
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coordinate radius for both components of the current. The H-field formu-
lation of [2] is used in [6] and [9]. The expansion functions in [7] are
pulses for the ¢ component of current and shifted pulses divided by the
cylindrical coordinate radius for the t component.

The magnetic field integral equation for a perfectly conducting
body of revolution illuminated by an incident magnetic field g} is

-nXxH {J) =n x'gé just inside S (1)

vhere § is the surface of the body of revolution and n 1s the unit vector
which is normal to S and which points outward from S. In (1), J is the
eh&ﬂcmnmthwdeamg%@ismem@ammedwtog
radiating in the absence of the body of revolution. It is assumed that
the medium outside S is linear, isotropic, and homogeneous. 'Outside S"
means outside the body of revolution and "inside S" means inside it.
"Absence of the body of revolution" means that the body of revolution has
been removed and that the ensuing voild has been filled with the outside
medium, The incident magnetic field g? is the field which would exist in

the absence of the body of revolution.

Equation (1) states that the tangential components of the total
magnetic field (g? + g?) vanish just inside S. Consequently, (1) is
valid only if S is closed. By contrast, the E-field integral equation
(40) of [2] is valid for both open and closed surfaces of revolution.

IT. METHOD OF MOMENTS SOLUTION

Equation (1) is solved by the method of momente. The moments

solution to (1) is approached by writing

g=] Qo o e oty g (2)

n nj F nl —mj

where Jt. and J¢ are expansion functions defined by
—nj -n

3
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L H® E-n =0, 41, 42,...
Y4 79
0] j=1,2,... P=2

n=0, +1, +2,...
J¢ =u Eiﬁfz ejn¢ (3b)
—n] b P -
k| j=1, 2, ... P=1

and where Iij and Igj are unknown constants to be determined. The
subscript j which runs from 1 to either (P-2) or (P-1) in (3) is not to

be confused with the J which appears in the argument of the exponential

in (3). The latter j is ¥~I. The variables t and ¢ are orthogonal
curvilinear coordinates on S. Specifically, t is the arc length along

the generating curve of S and ¢ is the azimutaal angle. The generating
curve of S is the plane curve which, when rotated about the z axis,
generates S. In (3), Et and g¢ are unit vectors in the t and ¢ directions,

respectively. These directions are chosen so that

= 4
B = Uy Xu (&)
The function Tj(t) is the triangle function defined by
(—(t - tj)/Aj , tj.§ t < €41
Tj(t) = (tj+2"t)/Aj+1 , tj+l <t< tj+2 (5)
0 s otherwise
and Pj(t) is the pulse function defined by
( ; -
<
1, tj__t< ti1
p.{t) = (6)
J
o , otherwise

Here, ti, t;, cro tp are consecutive but not necessarily equally spaced
points on the generating curve of S. tI is the value of t at the be-
ginning of the generating curve and tP ig the value of t at the end.

Henceforth, the generating curve is assumed to be & series of straight

- -

line segments joining the points tl, I PYERY t;. In (%),
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A, = ¢t - t, (7

In (3), p is the distance of the point t on the generating curve from
the z axis and p, is the value of pat t = tj where

i

1 .- -
tj =3 (tj + tj+1) (8)

It is assumed that all the pj's are positive.

The moments solution to (1) is obtained by substituting (2) into
(1), integrating over S the dot product of (1) with each member of a

set of testing functions, and solving the resulting matrix equation for

It. and I¢
nj n

defined by

. There are two kinds of testing functiomns, Wt and W¢
i —ni i

=]
#

+1, +2,...
. Ti(t) _'n¢ O’ _l’ _2,
W, = L (9a)
1,2,... P“z

o
[

ft
it

0, +1, +2,...
WS SR (9b)

i=1,2,... P-1

¢

The matrix equation for Igj and Inj decompoges into

- i Y 1t
e
n n n n
= ) n= 0, _‘tl, iz,.-o (10)
A ¢¢ Al Fio
| n n_| L n] L. n .

>
whare the superscripted In's are column vectors and the superscripted Yn's

are submatrices. The jth element of ft is Izj and the jth element of

n
fi is Iij' The ith elements of %it and Y:baregiVen by




27
Iii = f at T, () J. a9(u, * phye e (11a)
0
21
i¢ N . uly ~ind
I3 0, [ dtp P (t) J dé(u, * Be (11b)
0

The second subscript on I in (11) denotes the ith element. The
superscript 1 on I in (11) is the same as that in (10). This super-

script indicates dependence on the incident magnetic field g?.

For a particular value of n in (10), the matrix of the super-
scripted Yn's on the left-hand side of (10) is called the moment
matrix for that value of n. The ijth elements of the superscripted

Yn's are given by

; t— t t
b 1+2 i+2 +2
« (t) T, (t)
b ! (Ytt) = 7 J ———-—-~1——~ dt + k J dt T, (t) Y de' T, (t")
5o n 4] - - i - h|
é ? ti ti tj
g [((p'~p)cos v' = (z'-z)sin v') G2 - Glg)cos v'] (12a)
g { , t;+l tf+2
B (Y¢t)ij = 1k J dtg)Pi(t) j de' T,(t")(p'sin v cos v'
2 pi - J
: ! s
% ; - p sin v' cos v ~ (2'-2z) sin v sin v‘)G3 (12b)
3 42 Ey41
té ll_C__ [ ' 1
(Y )ij pj f_ dt Ti(t) J_ dt' o Pj(t Y(z z)G3 (12¢)
ti tj
ity g (i 41
¢¢ T _1,"_____ J T St At '
(Y )ij ipj J_pP (t)Pj(t)dt + pipj i dtpPi(t) i dt'p Pj(t )
ti ti tj

[((p'-p)cos v - (2'-2)sin v)G2 + Glp' cos v] (124)




The derivation of (12) is not included here because it is similar to
that of (20) (23) of [2]. Actually, (12) was obtained by replacing
f (t) by T (t) in (20) and (22) and by B— P,.(t) in (21) and (23)
1
R byEl,— T,(t") fn (20) and (21) and by —P 4D
j
in (22) and (23). The equations (20)-(23) referred to in the previous

sentence are in [2].

and by replacing £

In (12), k is the propagation constant in the medium outside 8.
Also, v is the angle between the tangent to the generating curve and
the z axis. v 1s positive if the generating curve is moving away from
the z axis. Otherwise, v < 0. 1In (12), p, z, and v are evaluated at
the point t on the generating curve and p', z',.and v' are the values
of p, 2z, and v at the point t'. The subscripted G's in (12) are given
by

T
G, =2 J G sin2(¢/2) cos(nd)d¢ (13a)
0
T
G2 = J G cos ¢ cos{nd)do (13b)
0
T
G3 = f G sin ¢ sin(nd)dp (13¢c)
0
where
G = ——+3~-3~3— (14)
k
where :
k= [G0 + @0+ dontann’ /2 (15)

The regions of integration in (12a)-(12c) overlap. To avoid
integrating more than once over the same region, we account for the
contributions in (12a)~(12c) by regions of integration rather than by
matrix elements. If Aq is the region which t; <t f-t;+l’ then A

contributes

PRRNRENRPY. P2 3
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T () T,(t)

to the single integral witn respect to t in (12a). Because the
domains of the triangle functions are limited, (16) is nonzero

only for

i=g¢-1, q
i#0

i#P-1

j=gq-l, ¢
1#0
4Pl
The dot on the left-hand side of (16) indicates that (16) is not all

of (12a) but only the contribution due to Aq.

If qu is the region for which

t <t<t

P ptl

— —

< <
O

then the contributions to (12a)-(12c¢) due to qu are given by

(1ed

(17a)

(17b)

p+l Egrl
*tt 3 1 1 t t 1 1
(Y ) dt T, (t) de'T, (t") [((p'-p)cos V' - (z2'-2z)sin v')G
i - ki 2
t t
q
- - Glﬁ>cos v'} (18a)
p+1 Cetl ‘
(*it pj k J dt;)Pp(t) 7 dt' Tj(t')(p' sin v cos v'
t, t_
q
- p sin v' cos v - (z'-z)sin v sin v')G3 (18b)




t

1 +1
dt Ti(t) T—_ dt'p! Pq(t')(z'-z)G3 (18¢)

t
q

i=p-1,p
i40 (19a)

i# Pp-1
j = q—]-’ q
i#0 (19b)

3 # P-1

The asterisiis on the left-hand sides of (18a)-(18c) indicate contri-
butions due to qu‘ For instance, (18a) is not all of (12a) but only
the contribution due to A , Equation (12d) is suitable for calcula-
tion as is because it has no overlapping intervals. However, to ob-

tain a notation consistent with that in (18a)~(18c), we replace ij by

pq in (12¢). The result is

t

tp-i-l 3 tp+l +1
@ =T op?()de + K J depP (t) T dt'p'P (t')
npqp2pq_p PPy TP _ q
D t t t
P P q
[((p'-p)cos v ~ (z'-z)sin V)G2 + Glp' cos v} (18d)
\‘h :-
where | 1,p=gq
§ = 20
pq (20)
0, p#q
The fact that the pulses (6) do not overlap was used to obtain the
¢  term in (18d).
P4
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Each integral wizh respect to t in (18) 1s approximated by
sampling the pertineut Integrand at t = tp and multipiying by AP.

Next, the definitions (5) and (6) of the trianmgle and pulse functions
are substituted into (18). Because the portion of the generating
curve for t; < t! 5-t;+l is assumed to be a straight line, v' is con-

stant there so that

'=p + (t' -t )sin
o Py ( q) q
- -
tg St Sty (21)
z' =2 + (t' -t )cos v
q q q
where zq is the value of z' at t' = tq. Equations (21) are also sub-
stituted into (18). As a result, (18) becomes
.
T S N i g 208D
(Y )ij = ——-P-A ) 1+ (-1 -—.~———(1-Aq )[((oq~pp)cos Vg~ (zq-zp)sin vq)G2
t
q
-G cos dt! 22a
. lpp Vq] (22a)
jk3A +1
kbt - P 4y Q-3 2(E"-t )
(Yn )Pi 2 7 @+ D ——9 ) (p sin v cos v_ - p_sin v cos v
T ¢ P 4 poq P
q
q
- (zq—zp)sin vpsin vq)GBdt' (22b)
.
xth jk3A +l (t’—tq)sin vq
N ¥ = Fd - LI al 1
\Yn )iq 5 ) 1+ 5 )\zq zp + (t tq)cos vq)63dt (22¢)
t q
q -
Eatl
96 A 3 q (t'-t )sin v
@®® =4 s +KA J 1+ 1 (¢ ~p_)cos v_~lz ~z_)sin v
n " pq pq Pq p - p qQ P P q P p
t q
q
(t'—tq)sin vq
+ (t'=t i w8 v - cos v sin v ))G, + G.p (1+ cos v ]dt'
( q)(s n v eos v s v, p)) 5 1 q( pq ) p]

1)
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The ranges of values of i and j in (22) are given by (19). Because p
is linear in t, the process of sampling the integrand at t = tp and

nultiplying by Ap gave the exact value of the first integral in (18d).

The integral in (1€) can be approximated either by sampling
the integrand at t = tq and multiplying by Aq or by applying Gaussian
quadrature. Gaussian quadrature was chosen because it gave more
accurate values of electric currents induced on the sphere and cone-
sphere examples in Section V. Thanks to (5) and (21), the Gaussian

quadrature formula for the integral in (16) becomes

(o) (n,)
m % oA C(1-x, )2
(itt) - q v L _ L
n ‘g-1,q-1 8 o1 0y
(n,) (n) (n,)
7h e A, T (l-x, T)(L+x, Uy
@t T (it . =—8A 7 2 % L
n "q,q n “g-1,q 921 By
(n ) (n)
o CtoA tarx, £H2
(,itt) - q z - 2
nq,q 8 ooy Og
(a)
A x
- q %
where pl pq + > sin vq

(n) (n,)
The abscissas Xy Y and welghts A2 t in (23) are given in Appendix A
of [10] for several values of n .

Equations (22) can be rewritten as

(23a)

(23b)

(23c)

(23d)

see 1°4 A
(Yn )ij =3 [((pq-pp)cos vq - (zq—zp)sin vq)G21 - G11 pp cos vq]
i A A
+ (%I 24 - - (2 -2 - 24a
(-1) 8 [((Dq Dp)cos Ve (Zq p)sin vq)G22 Glzppcos vq] (24a)
3
Jk7A A
*¢t
Y = — i os v - p sinvcosv -
( n )pj —~ZE—3 (pqs n vpc q pp n qc,os >

- - _1y4-3
(zq zp)sin vpsin vq)(G31 + (-1) G32)

(24b)
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xtd jk3A A A sinv A cos v
| (V=g [z Gy ¥ o, Gyp) + =5 Ggp *
3 A A
¢ ™p § +k_%_3 G. .+
(¥, )pq o, Cpa 5 [((oq-pp)cos vp-(zq-zp)sin vp)( 91
'Eﬂ A sin v
+ 5 (ein vqcos vp - ¢co8 vqsin vp)\G22 4-—£L?§igil— G23) +
A sinv A 8in vﬂ 9
+ P08 vp(Gll + = Gy * ( o ) Gl3)]
q q
where .
Lot ' m=1,2,3
= 2.0 1_ a-1 1_ 1
o A T_ (t tq) Gm(t tq)dt R
¢ % o =1,2,3
q
| Here,
T 2
Gl(u) =2 J G(u, P)sin” (¢/2) cos .(ndp)d¢
0
™
Gz(u) = i G{u,d)cos ¢ cos (n¢p)dd
'l
G3(u) = ( G(u,9)sin ¢ sin (nd)do
where
G(u’d)) = l-%-__‘j{ERM e—jk'R(u!d))
BR(u,9)
where
R(a,9) = [(6'-0)% + (2'-2)% + bp_p' sin®
’ p o) *4p P sin (6/2)
where

4l= + i
Y pq u sin vq

z'= 2z +ucosv
q q

11

A sgin v

Gaq) ]
2 33
pq

(24¢)

sin v
G..)
qu 22

(244)

(25)

(26a)

(26b)

(26c)

(27)

(28)

(29a)

(29b)




III. NUMERICAL EVALUATION OF THE INTEGRALS Qma

The integrals Gma of (25) are now evaluated by means of either pure

Gaussian quadrature or Gaussian quadrature fortified by the method of

elimination of the singularity of the integrand. The proximity of the
singularity of G(u,$) of (26) to the region of integration falls into

one of four different cases defined in this section.

If
p#d Case 1

1
= <
> ctAq <d Pure quadrature (30)

¢ <d
i

then pure Gaussian quadrature is used to evaluate the integrals in (25)

aad (26). In (30), e and C¢ are constants for which the values

1)

are suggested. Also in (30),

*

d A
d = (32)

* 1 2 * 2 * 1

\/ltol AR CORR A ¥ %

where
*

t, = (Dq“pp)Sin Vq + (zq—zp)cos Y4 (33)

" = (o -p) (z -z )sin v | (34)
= -p Jcos v - (z -z )sin v

PqPp?%8 Vg T M7 q

The quantity do defined by (32) is the minimum value of R(u,$) for the
ranges |u| 5_%—Aq and 0 < ¢ < 7 of values of u and ¢ in (26). Equations
(30)~(34) were taken from pages 24 and 25 of [1].
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The Gaussian quadrature formulas for the integrals in (25) and
(26) are

nt (nt‘) l 'I':k)“i"l 1 (nt) m = 1,2,3 3
G o= gal By Oy ) ¢ G Aq Xor ) a4 (35) |
o =1,2,3 .
Y @) 2 1 :
6, @) = uzz A, ¥ Glu,bgistn® G 9p)cos (b)) (36a) ?
= 5
:
"
G, (u) == f) A(n¢) G(u,¢,)cos ¢, cos (nd,) (36b) 3
2 2 b M 37) g %
n \ ‘

G,(u) = T z A(n¢. G(u,d,)sin ¢, sin (nd,) (36¢c)

3 2.t % Py 2 Al

where G(u,¢2) is given by (27)-(29) with ¢ replaced by ¢2. Here,

(n,)
4 =% & O+ D) (37)
(n,) (n¢) (n) (n¢)
The abscissas x,, and % and weights A,," and Aj in (35) and

(36) are given in Appendix A of [10] for several values of n, and n¢.
If (30) is not true, then the singularity due to the kernel (27)
is eliminated [11] before applying Gaussian quadrature to the integrals
in (25) and (26). The singularity analysis presented here 1s more gen-
eral than that in [7] because the one in [7] was carried out only for

p = q. Substitution of

2.2 :
e"ijml..ij-.k_iR_ i
into (27) reveals that, near R = 0, (27) behaves like a function c® ;
given by
s 1 1 J
G = + 5 (38) ;
k3R3 2kR

Three different methods of eliminating the singularity are used.
If




P#tq . Case 2
1
-~ >
3 ctAq do Method 1 (39)
! c¢pq f_do

then method 1 is used. In method 1, the orders of integration in (25)

are interchanged to obtain

- .
- Gy = 2 f Hu(¢)sin2(¢/2)cos(n¢)d¢ (40a)
| 0
G, = | B (¢)cos ¢ cos(np)do a=1,2,3 (40b)
9 20 ;] a
% 0
5 = .
1 Gayy J Ha(¢)31n ¢ sin(nd)d¢ ’) (40c)
! 0 —
where _
tqr1
2 ¢ 1 a-1 t 1
B @) = ) (t —tq) G(t —tq,¢)dt (41)
q £
q
In method 1, the singular part of the integrand in (41) is integrated
analytically, the remaining part 1s integrated by means of Gaussian
quadrature, and then Guassian quadrature is applied to the Iintegrations

with respect to ¢ in (40). The singular part of a singular integrand
is a function which behaves like the integrand near its singularity.
Evidently, the singular part is not unique,

Guided by (38) in our choice of the singular part of the inte-
grand in (41), we write

t

1 } 1
21(R(t"'tq,¢

+1
B ) = CK—)Q T (t'-t )O‘"l (G(t'-t_,9) - 33 ))dt'+1a
q t" 4 q k™R (t'_tq’¢)

q (42)
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1
where - i
B+l i
2 a~1 1 1 :
I = ()% } (t'-t ) ( + Ydte! (43)
o A 3.3 2kR(t'-t ,
q t__ q k R (tt_t ,¢) ( .tq ¢) )
q :
;
Application of Gaussian quadrature to the first integral in (42) gives €
n P
t (o) (n)o-l (n) L b
B@ = ) At (x.0) ©G8x,5,0) - 1
o s ' L 2 g (n.) P
=1 k3R36l Ax t 6) o
2 q 2" ’ :
- 1 Y + 1 (44) ‘;
1 (nt) o .
ZkR(i Aqx£1 :¢’)
Equation (43) can be rewritten as
1
to+ qu |
2.0 a-1 1 1 i
I = (™) J (w-t ) [ + 1dw (45)
a Aq 1 ° k3(w2+d2)3/2 2k(w2+d2)1/2
t - A
o 2q
where
t, = (pq—pp)sin vq + (zq-zp)cos vq + 2ppsin vqsin2(¢/2) (46a)
a2 =% -2 (46b)
Pq o
2 2 2 2
= (p - + (z - + 1 2 6
*a (Dq Dp) (zq zp) 4oppqs n"($/2) (46c)
Application of formulas 200.01., 200.03., and sequel in [12] to (45)
gives
1 :
t + A
2 w 1 °© 279 :
bt |zt el (472) «‘
o 2¢q
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1
B t + A
2q 2t
2 21 k 1 0
L@ |7 = N (47b)
a | 1 q
to— EAq
£ 42A
2.3 r kr 1 kzd2 ot
I, = (EZ—) kWer - E;) + (1 - 4 ) log (wtr)
q 5 1
to- EAq
4t I 2t
0 2 0,2
Y S (47¢)
q q
where
r = Jut +d° (47d) l

If ¢ = 0 in (42), then (30) guarantees that the variable t' 1
of integration in (42) passes close to the gingularity of G(t'—tq,¢). 1
In this case, (44) and (47) are necessary. However, as ¢ moves
toward T, rpq may become so large that the variable t' in (42) never j
comes close to the singularity of G(t'—tq,¢). In this case, (44)
and (47) are no longer necessary. Their calculation is always time 1
consuming regardless of the value of rpq. Even worse, the calculation
of (44) and (47) is subject to excessive roundoff error whenever rpq is
appreciably larger than Aq. It was decided to restrict use of (44)
and (47) to

rg < : c,by * % b, (48)

For larger values of rpq; recourse is to the Gaussian quadrature

formula

AL L " M ik a ek

n
.t {n) (n) o-l (n)
- t t 1 t .
B = T A Ggat) GG A, "0 (49) :
The term-%Aq on the right-hand side of (48) is necessary to assure
that the distance R(t'—tq,¢) used in (41) is at least as large as

% ctAq for all values of t' in (41) before (49) is invoked. This dis-

tance enters (41) through (27).
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’i In method 1, G, of (40) is approximated by g
1 (@) 2,1 g
g G = 7 Zl Ay Ha(¢z)81n QZ¢Qcos(n¢2) (50a) §
;. ]
. P b (my I
5 \ Coy =7 9,21 A, 7 H (¢5)cos ¢, cos(nd,) o=1,2,3 (50Db) }
o 4
BENER
%’E G3a = E-gﬁl Al Ha(¢2)sin ¢2 sin(n¢2) (50¢) ;
2 = k
where Ha(¢£) is given by either (44) of (49). E

3

If {

P#q . case 3 |

(51) B

c¢pq > do Method 2 :

‘ then method 2 is used to eliminate the singularity due to the kernel (27).
In method 2, the singular parts of the integrands in (26) are integrated
analytically, the remaining parts are integrated by means of Gaussian
quadraéure, and then (25) is approximated by the Gaussian quadrature
formula (35).

: Iniegration of (38) with respect to ¢ is difficult. With a view
! toward néplacement of (38) by a function which behaves like (38) near

Lo v ENeEL S L X My T T 3777
b S R e X R O i e - T

; ® = 0 but is easier to integrate, we rewrite (28) as ;
R(u,$) = a/l-b (52) :
where @
a =00 + 212" + p 0 (53a) ;
pp' 9 :
b= B (0% - 4 sin”(9/2)) (53b)
a

where p' and z' are given by (29). Near ¢ = 0,




0.<b < 92/12 (54)

The left-hand side of (54) is a consequence of the fact that |x| > |sin x|
for any value of x. The right-hand side of (54) was obtained by setting

a2 = ppp'¢2 in (53b). Substitution of (52) into (38) and subsequent expan~
sion of (38) in powers of b reveals that, near ¢ = 0, ¢° behaves like the

function G°° given by

G5 = 14 by B (55)

Guided by (55) in our choice of the singular parts of the inte-
grands in (26), we approach method 2 by rewriting (26) as

m T
2 2
Gl(u) = 2 J (G(u,¢)sin2(¢/2)cos(n¢) - —9§~§)d¢ + J ~_%—§ aé (56a)
4k”a 2k a
0 0
" 2 2 p'¢4
Gz(u) = J (G(u,d)cos ¢ cos(nd) ;'3 - Zia + (E,;l%¢ - _P3 : Ydd
0 k'a 2k”a 8k’ a
J“ 1 1 (aP41)¢? ppp"”4
) 33t e + )d¢ (56b)
! k333 2ka 21343 8k3a5
m 2 T 2
Gy(u) = J (G(u,9)sin ¢ sin(ng) - B%~§)d¢ + J 3%—5 do (56¢)
0 k7a o ka :

There are two integrals on the right-hand side of each of equations
(56a), (56b), and (56¢). If Gaussian quadrature is applied to the first
integral and if the second integral is evaluated analytically by using
formulas 200.01., 200.03., and sequel in [12], then (56) becomes

% (ny) ) 1 %
Gy (u) = 17221A2 (G(u,¢2)sin G ¢g)cos(n¢2) - =57
= 4k"a
8
77 [ - log(wr)] (572)
2k (opp')

e

|
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n 2 2 4
¢ (n,) (n™+1)¢ pp'e 1
G,(u) = ul ] A ¢ (G(u,¢,)cos ¢,cos(nd,) - ——l;-—~»L—-+ L _p 2) B
2 2 b 2 2 ) kaaz Zay " 33 8k3ai -
3 2 %
+ . yRoalwr) () (¥ 1og(wie)] - 2
T|'2k3(p pt)3/2r Zk(p p.)l/Z 21(3(0 p1)3/2 r
P P P X
2 i
1 w{(3+4w") -
- [ - log(wir)] (57b) .
81> (00" 327 g3
¢ (n,) né P
e, @) =T VA, ® (@(u,6,)8in ¢, sin(ng,) - =) - D [ -log (wh)] :
3 2 L5 2 2 RER. k3(ppp,)3/2 r
(57¢)

where ay ig the right-hand side of (53a) evaluated at ¢ = ¢£. In (57),

o b R
R (58a)

w

\/(p'--op)2 + (Z'-zp)2

r =1+ w? : (58b) ’

Equation (57) is uged only if the minimum value \/(p'-pp)2+(z'-zp)2
of R(u,9) with respect to ¢ in (26) satisfies

T o 2
Veor-o? + -z )? < c (59)

¢°q
The distance R(u,9) enters (26) through (27). If (59) is not true, then l¥n;"”
Gm(u) is approximated by the pure Gaussian quadrature formulas (36). B
In method 2, Gma is obtained by substituting either (57) or (36) into (35).

If
Case &

P=dq (60)

Method 3
then method 3 1s used to obtain Gma' Since p=q, only G
and G33
subscripted G's are given by

117 %120 13, G320 :
are needed in order to calculate (24). From (40) and (41), these a8
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Gla = Z(Z—ﬁ J d¢ J du u” “G(u,d)sin"(¢/2)cos (nd), o =1,2,3 (61a) ' g

T 0 2 ;

q E;

1 k

2.a [ 2q -1 9

G3a = (Zfo do du v “G(u,9)sin ¢ sin(nd), o = 2,3 (61b)

T 0 S
q

where G(u,v) is given by (27) with-

R(u,0) = \Ju? + boy (ot sin vq)sin2(¢/2) (62)

Substitution of (38) for G(u,9) in (61) reveals that, in (61), the only
integrand which is not bounded in the vicinity of u = ¢ = 0 is the inte-
grand for o = 1 in (6la). In method 3, the singular part of this inte-
grand is integrated analytically with respect to both u and ¢, the re-
maining part is integrated by means of method 1, and then method 1 is

applied directly to the integrals (40) and (41) for Glz’ G13, G32, and
G33.
Equation (6la) for G11 is rewritten as
Gll = Ia + Ib (63)
where
U l-A
4 2q 2 %
I =51 d¢ du(G(u,¢)sin"(¢/2)cos(nd) - ) (64)
a A 3,2,2.23/2
q 1 Gk (W™ 00T
0 - EA q
q
1
1 (" 2 o>
Ib=A—f d‘bJ U3 = 5 33/2 (65)
q 0 - _I;A kK (™ +p ")
27q 4

It is evident from (38) and (62) that the integrand in (64) is bounded.
Application of formulas 200,03, and 200.01. of [12] to (65) gives
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20T 2p 9
I, = log| -+ V1+ 5 (66)
b 33 A
k™p q
q .
Integration with respect to u of the second term in (64) by
means of formula 200.G3. of [12] gives
Ul T
I, =2 J H, ()s1n” (¢/2) cos(nb)dé - 5 J do (67)
0 kPe 0 o2 4 il)z
qu

where Hl(¢) is given by (41). The first integral in (67) is the right-

hand side of (40a) for a = 1. Application of method 1 to this integral

and to those in (40) and (41) for G12, G13’ G32, and G33, evaluation of

the second integral with respect to ¢ in (67) by means of Gaussian quad-
rature, and use of (63) and (66)'give

n n (n¢)
4k (opstn’ & pgeosaty) I R
G,, = T} A H, (¢ sin cos(n -
17 "L g 349 g 2k303 L, i
¢>,L+(2pq)
20T
+ 575 log \[ 1+ (———q—) (68a)
k'p
q
f (n¢)
la -1r2=1 A H (¢2)sin (2 ¢£)cos(n¢2) (68b)
o= 2,3
T %o (n¢)
Gy =3 Z. H,(9,)sin &) sin(ad)) (68¢c)

where Ha(¢2) is given by either (44) or (49) depending on whether
(48) is true.

Equations (68b) and (68¢) and the first sum in (68a) were taken
directly from (50). The rest of the right-hand side of (68a) is due to
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the manipulations (63)-(67). The numerical integration with respect
to ¢ required to obtain (68a) is of the bounded integrand in (64)
rathier than of the unbounded integréﬁd in (40a). Hence, the portion
of (63a) in excess of (50a) fortifies the numerical integration with
respect to ¢. Having been obtained through analytical integration
with respect to u, this portion of (68a) does not affect the accuracy

of the numerical integration with respect to u,

IV. FEVALUATION OF THE PLANE WAVE EXCITATION VECTOR

The column vector which appears on the right-hand side of (10)
and whose elements are given by (11) is called the excitation vector.
In this section, the elements (11) are evaluated for the case in which

_Ei is the magnetic field of either a © polarized or a ¢ polarized inci-
" dent plane wave.

Consider a O polarized incident plane wave defined by

i0 t —t =
ET = Yg kn e (693)
-jk e x
g_iehgfbk e ° (69b)
and also a ¢ polarized incident plane wave defined by
..jk °r
Y - s e ¢ (70a)
-jk, *x
i(p - t+ ~t -
H ug ke (70b)

where k is the propagation constant, N is the intrinsic impedance of

space; ¥ is the radius vector from the origin, and

Et = - gxsin et - ucos Bt

gg = ucos O - u sin O (71)
ut=u

- -y
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where 4 27, and u are unit vectors in the x, y, and z directions,
respectively. In (71), the letter t stands for transmitter. The
origin is on the axis of the body of revolution and is in the vicinity
of the body of revolution although not necessarily centeréd inside it.

In (69) and (70), the E's are electric fields and the H's are magnetic
fields.

Each of the incident plane waves (69) and (70) comes from the
direction for which 6 = Gt and ¢ = 0. Here, 6 and ¢ are standard
spherical coordinates. € is measured from the positive z axis. ¢ is
the angle that the projection onto the xy plane makes with the positive
x axis. At the aspect (0 = et, ¢ = 0), the unit vectors Eg and g; re-
duce to the unit vectors in the 6 and ¢ directions, respectively. Be-
cause of the circular symmetry of the body of revolution, no generality
is lost by confining gt to the xz plane. If 3{ were rotated through an
angle ¢t from ¢ = 0 to ¢ = ¢t’ the response would also rotate through
the same angle ¢t.

In view of (70a), substitution of (69b) for'gi in (11) gives

27
Iize = :nl ‘ dt Ti(t) J d¢ (2¢ .E_id’)e-jnd) (722)
0 ,
. 27
10 1 - T
ol - o5 | dtp P, (t) f d¢ (u, *E Ve (72b)
0

The additional superscript 6 on the left-hand sides of (72) indicates
the © polarized incident plane wave. In view of (6%a), substitution
of (70b) for‘gé in (11) gives

27
I;tj:_q) —_-—1‘:1. J dt Ti(t) I dé (l*‘_¢ . _Elie)e-jnq)
0
2w
169, =1 , w18y ~ind
i npijdtpPi(t)J dd (g, *E)e

0
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The third superscript on the left-hand sides of (73) indicates the ¢

polarized incident plane wave.

Substitution of (9) for the E?s and (69a) forlgi in (7) and (8)

of [1] reveals that the elements Vii and Vgi considered in Section IV

of [1] are given by

2n
v - % J at T, (t) f 4 (u By (T4a)
0 .
27
0 _ 1 . pidy -in¢
v = o J dtp P, (t) [ a9 (g, E e (74b)
0
Substitution of (9) for the W's and (70a) for E} in (7) and (8) of [1]
gives
VA
v - % J at 1, (1) J 4 (u, - Ee I (752)
0
( 2
o6 _ 1 . ply —in¢
Voo = ;| dtpP (1) J a9 (gyt E e (75b)
0

Comparison of (72) with (75) shows that if Ti(t) and (pPi(t))/pi were
interchanged in (75), then

itb _ _ 99

Ini = Vni (76a)
168 _ td

.Ini = Vni (76b)

Comparigson of (73) with (74) shows that if Ti(t) and (pPi(t))/pi were
interchanged in (74), then

ity 96
Ini = Vni (76¢)
i9p _ _ O

Ini vni (76d)

Now, Ti(t) is responsible for both the asterisk on the left-hand sides
of (120) and (122) of [1] and the factor




© v e

25
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(1 + -y
2 A
P
on the right-hand sides of (120) and (122) of [1]. Also, (pPi(t))/pi
appears as the factor
(t-t Jsin v
14— =2 " 7p
pP
in (121) and (123) of [1l]. Hence,
t;-l-l p-i
+3 -1 2(t~-t. ) jkz cos ©
2166 317im p - t
i =73 J 1+ A Yp ~ Tp-1)e dt
t P .
P (77a)
t;+l
166 a (t-t )sin v . jkz cos H
= - P ___ P
Inp i 1k j_ 1+ pp )(Jn+l + Jn_l)sin vp e de
% (77b)
t;+l p-1i
(-1) 2(t-t_) jkz cos ©
*itg _ 3 mk P t
Ini =< J_ a+ Ap )(Jn+1 + Jn_l)cos et e dt
t . (77¢)
-
166 n ptl (t-t )sin v
= - — P P -
Inp j ok J~ 1+ 5 Y[J sin vp cos Gt (Jn+1 Jn—l)
t P
p
jkz cos Gt
~2 cos v sin 6.J Je de (774)
P tn

where Jn, P, and z are given by (115), (130) and (131) of [1]. The

asterisk on the left-hand sides of (77a) and (77¢) indicates that the
right-hand sides of (77a) and (77¢) are not all of Ii;e and I;§¢ but
only the contributions due to the region of integration for which

t; Lt<t Both (77a) and (77c) are valid for 1 = p -1 and i = p.

p+l’

Equation (77) can be rewritten as
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nt+l p-1i.n+l
kA : (G Rl T kA
10 _ o P - - P -
i "% T, Fpara) 4 Fre1,p ™ Fpe,p)
(78a)
166 jn1rk§Esin vp A sin v
T T 7 Fri,a ¥ Fo1,a * 2, Fovt,b ¥ Foop,p)]
(78b)
n _qyP-i.n
§1t¢ ] i TrkApcos Gt " . - -1)" 5 1rkApcos et @ or )
ni 4 ntl,a n-l,a 4 n+l,b "n-1,b
(78¢)
jn+11TkA sin v_cos 6 A sin v
0. B2 ErF ~F )+ (. F )]
np 2 ntl,a n-1l,a 2pp ml,b n-1,b
a A sin v
+ 3 1rkApcos vpsin et[Fna + zpp Fnb] (784)

where the F's are given by (128) and (129) of [1]. The n, point Gaussian

quadrature formulas for them are

Ty (nT) : jkZ,cos ©
_ il t
Foo = Rzl Ay~ J (kby sin B )e (79a)
m=n-1l,n,n+l
Mt (n) (n) ikZ, cos @
- T g A % t
Fo ™ 221 A T ox J,(kBysin 6 )e (79b)

where Jm is the Bessel function of the first kind and where 62 and 22
, (n)
are given by (134) and (135) of [1]. The abscissas Xy T and weights
(n,)
Ag T are tabulated in Appendix A of [10] for several values of e
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V. NUMERICAL RESULTS

Computed results for the electric currents induced by an axially
incident wave on a sphere, a cone-sphere, and a finite cylinder are pre-
sented in Figs. 1-14. For axial incidence, et is either 0° or 180° and

the only non-zaro excitation vectors for the 6 polarized plane wave (69)

are
M -
fit fiéj
-1 1
= (80)
>1i¢ Fié
I -

It is evident from (12) and (13) that

gormnn

tt e | [ et t4 |
Y1 Y—l-1 Y -4
= (81)
ot oo ¢t ol
R ad th ¥y _

In consequence of (80), (8l), and (10), the only non-zero column vectors
fﬁ and Tﬁ are given by

>t >t
I L
= (82)
s Ed
-1 1
L. L

where the column vector on the right-hand side of (82) satisfies (10)
for n = 1.

In view of (3), substitution of (82) into (2) aud subsequent
division by k give

J T, (t) P, (t)
— = t 1 4
|Hi| 2 u,cos ¢(§ Ilj ‘o ) + 2jg¢sin ) (§ I%} kpj ) (83)

The |H|® written instead of k on the left-hand side of (83) is the
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magnitude of the incident magnetic field. This magnitude is indead
equal to k. At t = t;+1, the t compoacut of (83) reduces to

3, 21§
T = 2 cos ¢, p=l, 2, ...P-2 (84)
|87 ko(t )
where p(t;+l) is the value of p at t = t;+1' At t = tp, the ¢ component
of (83) reduces to
J ZjI¢ sin ¢
¢ lp
o , p=1,2,...p-1 (35)
|B”| p

Here, Jt and J¢ are, respectively, the t and ¢ components of the

.|

electric current J. 1In Figs. 1-14, T—ET in the ¢ = 0° plane is plotted
H

I, |
with squares and T—%T in the ¢ = 90° plane 1is plotted with octagons.
H
These currents are plotted versus t/A where t is the arc length along
the generating curve and A is the wavelength. The horizontal axes in
Figs. 1-14 were labeled T/A because the lower case letter t could not

be drawn by the plotter.

Figures 1-4 display computed values of electric current induced
on a conducting sphere of radius .2A {lluminated by a plane wave. Figurel
shows the H-field solution of {2], Fig. 2 shows the present H-field solution,
Fig. 3 shows the E-field éolution of [2], and Fig. 4 shows the E-field solu-
tion of [1]. The squares and octagons represent computed values of

EARIEN

| i| and 1 respectively. The solid curves represent the Mie series
H H

solution [13]. In Figs, 1 and 3, the squares and octagons are horizontally

located at the peaks of the triangles used [2]. In Figs. 2 and 4, the

squares are placed at the peaks of the triangles (5) and the octagons are

placed at the centers of the pulses (6). That is why the squares and the
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Fig. 1. Electric current on a conducting sphere of radius 0.2\. The

squares and octagons represent the H-field sclution of 2].
The solid curves represent the Mie series solutiom.
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Fig. 2. Electric current on a conducting sphere of radius 0.2)\. The

squares and octagons represent the present H-field solution.
The solid curves represent the Mie series solution.
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T/

Fig. 3. Electric current on a conducting sphere of radius 0.2\, The
squares and octagons represent the E-field solution of [2].
The solid curves represent the Mie series solution.
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Fig. 4. Electric current on a conducting sphere of radius 0.2A.
The squares and octagons represent the E-~field solution
of [1]. The solid curves represent the Mie series solutionm.
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octagons line up with each other in Figs. 1 and 3 but are staggered in
Figs., 2 and 4. The oscillations of tne octagons about the solid curve
in Fig. 3 are not surprising because the particular size of the sphere

places the electric current error in Fig. > on page 32 of [2] near ome

of its peaks.

Figures 5-10 display computed values of electric current induced

on a cone-sphere by plane waves incident from both axial directions. The

|3, A
squares represent i and the octagons represent . These symbols
|5 ):

are connected by straight lines in order to improve readability. The
currents in Figs. 5 and 6 agree reasonably well with those in Fig. 7 of
[1]. Likewise, the currents in Figs. 8 and 9 agree reasonably well with
those in Fig. 8 of [1]. The jagged nature of the ¢ components of current

in Figs. 7 and 10 is probably spurious.

Finally, Figs. 11-14 display computed values of the electric cur-
rents induced on a closed cylinder of length .5A and radius .25\ by an

axially incident plane wave.

The currents in Figs. 2,4,6,9,12, and 14 were calculated with

The currents In the rest of the figures were calculated with n¢ =20
in [2]. The IBM System 370/155 under WATFIV took 29 seconds cof exe-
cution time to calculate the H-field solution in Fig. 6. The sub-
routine YMAT was used for this calculation. The joint calculation of
the H-field sclution in Fig, 6 and the E-field solution of [1] in
Fig. 7 of [1] took 45 seconds of execution time. The subroutine YZ
was used for this calculation. The joint calculation of the H-field
solution of [2] in Fig. 5 and th E-field solution of [2] in Fig. 7
took 39 seconds of execution time using the subroutine YZ of [14].
Hence, the present H-field solution and thz E-~field solution of [1] are
slightly slower than the H-field and E-field solutions in [2].
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Fig. 5. Electric current induced on a cone-sphere by an axially
incident plane wave. Incidence on sphere, B-field
solution of [2].
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Fig. 7. Electric current induced on a cone-sphere by an axially
incident plane wave. Incidence on sphere, E~field solution
of [21.
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Fig. 8. Electric current induced onz{%une—sphere by an axially
incident plane wave. Incidence on tip, H-field solution
of [2].
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Fig. 9. Electric current induced on a cone-sphere by an axially
incident plane wave. Incidence on tip, present H-field
solution.
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Fig. 10, Electric current induced on a cone-sphere by an axially
incident plane wave. Incidence on tip, E-field solution
of [2].
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Fig. 11. Electric current induced on a closed cylinder of length 0.5X)
and radius 0,25) by an axially incident plane wave. H-field

solution of [2].
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Fig. 12. Electric current induced on a closed cylinder of length 0.5 A
and radius 0.25) by an axially incident plane wave. Present

H-field soclutiom.
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Fig. 13. Electric current induced on a closed cylinder of length 0.5)\
and radius 0.25A by an axially incident plane wave. E-field
solution of [2].
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Fig. 14. Electric current induced on a closed cylinder of length 0.5A

and radius 0.25\ by an axially incident plane wave. E-field
solution of [17].
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PART TWO

COMPUTER PROGRAMS

I. INTRODUCTION

A computer program which implements the preéent H-field solution
is described and listed in Part Two. This program consists of the sub-
routine YMAT, the functiom BLOG, the subroutines YLANE, DECOMP, and
SOLVE, and the main program for the H-field solution. The subroutine
YMAT.calculates the elements (12) of the moment matrix in (10). The
function BLOG is called by YMAT. The subroutine PLANE uses (78) to
calculate the excitation vector on the right-hand side of (10) for a
0 polarized incident plane wave. The subroutine PLANE also calculates

the excitation vector for a ¢ polarized plane wave, but this vector is

not used in the main program. The subroutines DECOMP and SOLVE solve
the matrix equation (10) for fﬁ and fi. The main program for the H-field
solution obtains the electric current induced on a conducting body of
revolution by an axially incident plane wave. The subroutines YMAT and
PLANE are designed not only for axial incidence but alsoc for oblique
incidence. For axial incidence, n = +1 and et of (71) is either 0° or
180°, The subroutines YMAT and PLANE admit n = M1,M1+1,...M2 where

M2 > ML > 0. The subroutine PLANE also admits arbitrary values of et.
Formulas on pages (28) and (29) of [2] obviate calculation of moment

matrices and plane wave excitation vectors for negative values of n.

A computer program which implements both the present H~field
solution and the E-fileld solution of [1] is also described and listed
in Part Two. Thils program consists of the previously mentioned sub-
programs RLOG, PLANE, DECOMP, SOLVE, a new subroutine YZ, and the main
program for both the H-field and E-field solutions. The subroutine YZ
calculates the moment matrices in {10) of the present report and in
(6) of [1]. The subroutine YZ calls the function BLOG. The subroutine
PLANE calculates the excitation vector on the right-hand side of (10)

for the 6 polarized plane wave. PLANE also calculates the elements

e L BRSO 10
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V;i and —V:i of (74) for use on the right-hand side of (6) of [1]. In
addition, PLANE calculates excitation vectors for the ¢ polarized plane
wave but these vectors are not used in the main program. The subroutines
DECOMP and SOLVE solve the matrix equations (10) of the ﬁresent report

and (6) of [1]. The main program for both the H-field and E-field solu-

tions obtains both the present H-field solution and the E-field solution
of [1] for the electric current induced on a conducting body of revolu-

tion immersed in an axially incident plane wave.

II. THE SUBROUTINE YMAT

With regard to (10), the subroutine YMAT(M1, M2, NP, NPHI, NT, IN,
RH, ZH, X, A, XT, AT, Y) puts in Y the moment matrices Yn defined by

po- —

Ytt Yt¢
n n
Yn = . n = ML MI+1,...M2 (86)
gt gt
n n

Storage in Y is such that the ith column of Yn goes from Y((i-1)*N +
(n-M1)*N*N+1) to Y(i*N+(n-M1)*N*N) where

N = 2%NP - 3 (87)

The ~uly output argument of YMAT is Y. The rest of the arguments

of YMAT are input arguments. The input argument IN generzlizes YMAT

for uwse with problems other than conducting body problems. The term
('nAq)/pq in (22d) and the quantities Yit in (23) are multiplied by IN

in the subroutine YMAT. Thus, the argument IN should be 1 for the
present H-field solution. In this solution, the magnetic field is evalu-
ated just inside S. Magnetic field evaluation just outside S can be
obtained by setting IN = -1,

. Each of the input arguments except ML, M2, and IN represents a

variable in Part One of the text. The correspondence is tabulated as

B it e

s

id

v
N

s
47




40

Input . Equation
Argument Text Variable Nunmber

NP P 3

NPHI n, , 36

NT n 35

RH kp(tg), j=1,2,...P 21

ZH kz(tg), T3 =1,2,...P 21
(n¢)

X X, . L = 1’2"”n¢ 37
(n¢)

A Aﬂ s £ = l,2,...n¢ 36
(nt)

XT X s A =1,2,...m 35
(n)

AT Ayt 5 ' =1,2,...n 35

Here, D(tg) and z(t;) ave the values of p and z at t=tg on the generating curve

and k is the propagation constant. The generating curve starts at t = tl

ang ends at t = t;. The input argument P must be a positive integer not

less than 3. The input arguments NPHI, NT, X, A, XT, and AT are Gaussian

quadrature data. Lines 11 and 12 put cy and c¢ of (31) in CT and CP,

respectively. The subroutine YMAT calls the function BLOG which is de-

scribed and listed in Section III of Part Two.

Minimum allocations are given by

COMPLEX Y (M3*N*N), GA(NPHI), GB(NPHI), GC(NPHI),
GIA(M3), G2A(M3), G3A(M3), G1B(M3), G2B(M3), ,
G3B(M3), GIC(M3), G2C(M3), G3C(M3) }

DIMENSION RH(NP), ZH(NP), X(NPHI), A(NPHI),
XT(NT), AT(NT), RS(NP-1), 2S(NP-1), D(NP-1),
DR(NP-1), DZ(NP-1), C2(NPHI), C3(NPHI),

C4 (M3*NPHI), C5(M3*NPHI), C6(M3*NPHI),
R2(NT), Z2(NT), R7(NT), Z7(NT)
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where XN is given by (87) and
M3 = M2 - M1 +1 (88)

The elements of Y are calculated from (23) and (24) with G
evaluated as in Section III of Part Ore. DO loop 11 puts ¢£ in C2
and Asin Cm ¢2) in C3. ¢2 is given by (37) and Asin G—¢Q is needed
in order to evaluate (15) at ¢ = ¢2 With regard to (36), inner DO
loop 29 puts

(
2

)
¢ sin ( ¢2) cos(n¢2) in C4,

T (n¢)
7 AR cos ¢2 cos(n¢2) in G5,

- (n¢)
and - A sin ¢2 sin(n¢2) in C6.

272

The index JQ of DO loop 15 obtains q in (23) and (24). With
regard to (22d), line 69 puts (IN)*(NA )/O in P2. DO loop 12 puts
ko' and kz' of (29) in R2 and 72, respectively. DO loop 12 also
accumulates the products of IN with (23a), (23b), and (23¢) in PlA,
P18, and P1C, respectively. The index IP of DO loop 16 obtains p
in (24). Lines 106-112 put kdo of (32) in D6. If either case 1 of
(30) or case 3 of {51) is obtained, branch statement 26 sends execu-
tion to statement 41, If either case 2 of (39) or case 4 of (60) is
asbtained, execution pioceeds to line 114. Lines 114-235 calculate
Gma for case 2 and case 4. Lines 237-308 calculate Gma for case 1
and case 3. Here, Gma ig defined by (25)., In cases 2 and 4, the
integration with respect to t' is done first. In cases 1 and 3, the
integration with respect to ¢ is done first. In all cases,

Gml is stored in GCmA(n-M1+1)

m=1,2,3
sz is stored in GmB(n-M1+1)
n =ML, MI+1,...M2

Gm3 is stored in SmC(n-M1+1)

oz e e

cealal o
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With regard to (41), DO loop 33 puts

H () 1in GACK)
Hy(¢,) in GB(X) K=1,2,...n
Hy(¢,) 1in GC(K)

where ¢K is given by (37). Line 123 is based on (48). DO loocp 35
accumulates the H's of (49) in H1A, H2A, and H3A. DO loop 37 accumu-
lates in H1A, H2A, and H3A the sums on £' in (44). If kX < .5, then
the approximation

4
L R

} R, o)’
18 720

10 2800 (89

2
c- Lol R

1o
3 2kR T 3 a

is invoked in order to avoid excessive roundoff error. Limes 152 to 174
put the I's of (47) in W1, W2, and W3. Il and I3 are even in to and I2
is odd in t, These three I's are first calculated with ts replaced by
Itol and then the sign of I, is changed if t_ is negative.

In line 161, d2 is -compared to lO—Srgq. If d2 j‘lO-Sriq, then

little confidence can be placed in the calculated value of d2 because

r2 and ti are very close to each other in (46b). If

4% < 10722
- Pq

Pq

1
|to| < §'Aq

then statement 52 stops execution because an accurate value of I1 can

not be obtained. However, if

a? < 1072
= Pq

1
el 258,

then accurate calculation of Il may be possible. If |to| —~% Aq is
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appreciably greater than dZ, thea the approximation

e f+2a
W 1.1 1 1

2 2 Tl 1 2" 1
kdrl 2k (ltol‘EAq) (|t°|+—2-Aq)

2] (90)
t | -1y

ol 2 q
can be invoked. Line 163 puts the right-hand side of (90) in W4.
Lines 166-169 calculate the logarithm term in (47a) according to

(wo + rz)
1 —_— s, w, >0
v, % [(wl + rl)] 1=
[log(w+r)]w = 9D
1 (w2 + r2)(-w1 + rl)
log [ 7 1, w, <0
d
where
= 21
v, = |to| qu
1
w, ltO] + 5 Aq
(92)
2 2
rl wl + d

_ '2 2
r2 = V/;Z +4d

This logarithm is stored in W.

Nested DO loops 45 and 46 calculate (50) for m = M1 + M-1 where
M is the index of DO loop 45. The index K of DO loop 46 obtains ¢ in
(50). With regard to (68a), lines 222-228 put

n (n¢)
¢ A 20 20T
-7 % 1 q q .2
+ log + /1 + ¢ )
33 L 33 A A
2k7p” L=1 A, k™p q q
q 2 q,2 q
b, + ()
L qu

in D8. DO loop 67 adds D8 to Gll' 91 G22’ G23,

and G31 equal to zero., These four G's are set squal to zero when p = q

DO loop 67 also sets G
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because the exact values of the coefficients by which they are multiplied

in (24) are zero then.

The index L of DO loop 13 obtains L' in (35). With regard to (36),
DO loop 17 puts G(u,¢K) in GA(K). If (59) is not true, line 258 sends
execution to statement 51. Lines 259-277 calculate the terms in (57) which
do not involve G(u, ¢£). DO loop 62 accumulates

n A‘n¢) 2
g Uy
33 in D6
£=1 k a,
and
n A
2¢ A;n¢) G5+ 5 +EP§ i“) in D7.
2=1 k ay . 8k ay

Line 275 puts the coefficient of nin (57c) in D8. Line 276 puts the portion
of (57a)which does not involve G(u,¢2) in D6. Line 277 puts in D7 the
portion of (57b) which involves neither G(u,¢2) nor (n + 1). DO loop 32

accumulates G 2, and G, of (36) in H1A, H2A, and H3A, respectively.

1’ 3

" The index M of outer DO loop 30 obtains n = M + Ml-1. If (59) is true,

lines 295-29, add to HI1A, H2A, and H3A the terms in (57) which are not
present in (36). Lines 298-306 do the sums with respect to &' in (35).

Lines 309-385 use the previously calculated Gma to obtain the

contributions (23) and (24) to the elements of the moment matrices Yn'
The index M of DO loop 31 obtains n = M + Ml-1l. With regard to lines
348-355, the subscripts K1 to K8 for Y are the same as the subscripts

K1 to K8 for Z in Table 2 on page 50 of {1]. The variables UA, UG, UB,
UH, and UF incremented for p = q in lines 338-342 are intended for Y(X1),
Y(K2), Y(X3), Y(K4), and Y(K8 + MT), respectively. Y(K8 + MT) is re-
served for (Y‘N’) of (24d).




3 45
4 00'c LISTING OF THE SUBROUT INE YMAT 4
g D022 THE SUBROUYINE YMAT CALLS THE FUNCTION BLOG 2
X 003 SUBRQOUT INE YMAT ({MUeM2sNPoNPHIoNT, INeRHyZHeXo Ay XT AT, Y) 4
g o0a COMPLEX Y{1600) +UsHLAH2AHIAGA(4B) GB(48)+GC{48Y+H1B,H2B,H38 g
005 COMPLEX HIC H2CHICLUAJUB,UCUDJUE,UF,GLALLOY,G2A(10),G3A(10) a
3 006 COMPLEX G1B(10) «G28(10):G3B(10)+GLC(10)+G2CL10)+G3C{10)¢CMPLX g
£ 007 COMPLEX UGsUH 3
B pos DIMENSION RH(43) ¢ZH{43)+ X(48)sA(4B )+ XT(10) AT 10)4RS(42)425(42) 3
- 009 DIMENSION D(32) ¢DREA2)4DZ(82)y C2(48B)4C3(48),CA(200),C5(200) !
S 010 DIMENSION C6E(200) +R2(10) +22(10)+R7{10)+27(10) 3
S 01 cr=2, é
g 012 CP=, 1 N
. 013 DO 10 (=2,NP i
2 pla t2=1-1 5
L 015 RS(12)= o S*(RH( [} +RH( [2)) 3
E*_i 016 ZS(12)=,5% (ZH(I )+ ZH( 12)) 4
£ 017 DL=. SH{RH(II~RH([2)) {
ko 018 D2=. SE(ZH(L )=ZH(12)) ;
£ 019 D( 12)=SORT(D1*D1+D2#02) 7
¥ D 20 DR{12)=D1 i
. 021 DZ(12)=D2 ;
3 522 10 CONTINUE
023 M3=M2-M1+1
p2a Ma=M| -]
025 PI221.570796
026 PP=9,869604
027 DO L1 K=1,NPK{
328 PH=P 12% (X{K)+] +)
029 C2(K )=PH#PH k
030 SN=S IN( « S¥PH) 3
031 C3(K)=4 . *SN#SN i
332 A1=P[2%A(K) 4
033 -D &=, S*A 1 #C3(K) i
034 D5 =AL*COS(PH) ]
035 D6=A 1 £S IN(PH) P
036 NS =K K
037 DO 29 M=1,M3 f
038 PHM= (M4 +M) %PH Lo
039 A2=COS(PHM) Cod
040 C4 (M5)=D4%A2 L
04l C5(MS5)=DS*A2 :
042 C6{M5)=D6%S IN(PHM) 3
243 MS=MSENPHI 3
044 29 CONT INUE .
048 It CONTINUE ¥
0as PNi=,7853382%(N i
047 PN2=8+ % PNL
048 U=(0 esls)
049 MNP=NP-1 3
050 NT=MP-1 g
o5t N=MT4+ NP 1
052 N2N=MT*N A
053 N2=N*N :
054 JIN=—1-N 3
055 DO 1S JQ=1 NP
056 KQ=2
ns7 IF(JOEQ.1) KQ={
0s8 (F{JOEQMP) KQ=3
059 R1=RS(JQ)

060 Zi=zs(JQ)
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o6t
D62
563
064
i 065
A 066
- 067
> 068
j 569
c 070
o 571
' 0T2
573

4 074
: 87s
o 076

b [\ 4
5 o7s
079
[VE:1H)
581
os2
083
08a
58s
086
087
088
089
090
09t
i po2
053
094
09%
096
097
0S8
899
100
10t
! 102
to3
i 104
10S
| 108
g | 107
' 108

109
t10
t
tt2
113
11s
115
116
Ty
tis
t1s

12
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26

o1=D(JQ}
p2=DR(JQ)
03=D2(JQ)
03=D2/R1
0S=D1/R}
sSv=D2/01
cv=D3/01
PL=PNI*D1
P2=PN2%D5
P3=2,%Dt
P&4=2,.*%D&
PS=DA%XDA
P6=D1*01
P7=P&*D1
T6=CT*D\
T62=T6+D ¢
T62=T62* 162
RE6E=CP*R {
R62=R6%RE

PLA=0.

P18=0,

P1C=0.

00 12 L=14NT
D6=XT(L)

R2 (L) =Rl +D2 %05
Z2(L)=Z1+4D3*D6
D7=PLxAT(L)/7R2(L)
D8=1.~D&
09=D8%D7

PLA=R LA+D8%D9
Co=1 ,+D6
PIB=PIB+D6XDYS
PLC=PIC+C6%0D6%D7
CONTINUE

DO 16 (P=l.MP
R3=RS(IP)
23=2S(tP)
R4=R1=R3

Z4 =21-23

DO 40 L=1l¢NT
D7=R2(L)-R3
D8=22(L)~23
R7(LI=R3I A2 (L)
Z7(L)=D7%D7+08%D8
CONT INUE
PH=R4¥SV+Z4x LV
Al=ABS(PHN)
A2=ABS(R4*CV=24%SV}
0D6=A2
{F({Al.LE.D1) GO TO 26
D6E=AL-DI
DE6E=SART(D6XDEFA2% A2)

[F(IPNEeJQ sANDs{RE+GTDEIORTEILESDE)) GO TO 408

25=R4%xR4 +24 %24
RE=RI*XRL
PHN=,S3R3I%SYV
DO 33 K= leNPHI
Al =C3 (K}
RR=ZS4RSSAL

HL A=0,




121
122
t23
t24
125
126
127
128
129
130
t31
132
133
134
135
136
137
138
139
t 40
tat
1A2
143
144
| -3
146
ta7
148
t a9
150
151
152
153
154
155
156
157
158
159
1 60
161
162
163
164
165
166
167
168
t 69
170
171
172
173
174
175
176
v 77
178
L 79
180

35

14

43

37

52

38
39

47

H2A=0Q

H3A=0.

IFI(RRLWW.T.T62) GO 10 34

DO 35 L=14NT

W=ZT(L)+R7(L)*AL

R=SQRT(Ww)}

SN=—S(IN(R)

CS=COS{R)

HIB=AT(L }/(R¥W) *CHPL X{CS~R%x SN SN+R#*CS)
HIA=HIB4H1 A

H2B=XT(L )*H 1B

H2A=H2B4K2A

H3A=XT{L }*H2B+H3A

CONT INUE

GO YO 36

D0 37 L=1,NT7T

W=ZT7(L)Y+R7(LI*A L

R=SQRT(¥)

IF{R +GT++S) GO TO 14

CS=R¥(Wk { 16944448 E=2=WE,1736111E=3)-,125)
SN=W=%( 43333333E~ |-Wk, | 190476E~2)~,3333333
HIB=AT(L)*CNPLX(CSs SN)

GO TO 43

SEN==S IN(R)

CS=COS(R)

HIB=AT(L Y/ R¥({CMPLX(CS=R*¥SN, SN+R*¥CL)=1,) /W=~ +5)
HIA=HIB+H1A

H2B=XT{L }%H1B

H2A=H2B+H2A

H3A=XT(L)*H2B+H3A

CONTINUE

Al=PH+PHM*A

TA2=ABS(AYL)

R=RR-A2*%A2

06=A2-D1

D7=A2+D1

D62=D€EXD6

D72=C7*D7

D8=SORT(D62+R)

D9=SGRT (D72+R)

{F(R—(RR*]| +E=5)) 52¢52¢53
(F{DELT0.) STOP
Wa=,5/062=,5/072

GO 7T4Q 54
W4=(D?7/09-D6/D3} /R
{F(D6.GE«DQs) GO TO 38
wW=ALOG( (D7 409 )Y*(—~D6+C8)}/R)
GO TOU 3¢

WALGGC (D7+09)Y/7{D6+408))
Wi={ W4+ ,.5%wW)/D1

w5=A2/D1

W23 oSk {DS=D8)=1+/D341,/08)/P6-WSEW!
W3=(+25% (DT*D9=D6%D8 J+W=R¥ (WA+425¥W I )/PT~WSKk{ 2+ 2kW244 S%kW1)
[F(ALLT4s0e) W2m—-W2
HIA=WL#HLA

H2A=W2+H2A

H3A=W3+H3A

GA(K)I=HLA

GE(K)Y=HZ2A

GCAK )=H3A

AT e L,




181
182
183
184
185
136
187
tas
189
190
tot
t92
193
194
195
1 96
197
198
199
200
201
202
203
204
205
206
207
z08
209
210
21t
212
213
2t4
2158
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
238
236
237
238
239
240

33 CONTINUE
Ki=0
00 45 N=1 M3
HLA=0.
H2A=0,
H3A=0 .
H1 8=0,
H28=0 o
H3E=0,
H1C=0.
H2C=0,
H3C=0.,
DO 46 K={,NPH!
Ki=Ki+l
D6=Ca(K{)
D7=CS(Kt)
D8 =C6 (K1}
UA=GA(K)
UB=GEB{K)
Uc=GC(K)
Ht A=D6XUA+HLA
H2A=D7*UA+H2A
H3IA=D8*UA+H3A
H1B=D&*xUB+HIB
H2B=D7*xUB+H28
H3B=Da8%UEB+H3B
HI C=D6*xUC+KEIC
H2C=D7%UC+H2C
H3C=D8%UC+HIC

46 CONTINUE
GLA{(M)=HILA
G2A(N)Y=H2A
GIA{MI=HIA
G1B(M}=H1B
G2B(M)=HZB
G3B{ N)=H38B8
GIC(M)=HIC
G2C({ MYy=H2C
G3C(M)=HIC

45 CONTINUE
[F{ LENEJQ) GO TO 47
A1 =DS*D5
08=0.
00 63 K=1,NPHI
DB8=DB+A( K}/ SART(C2(K)+AL)

63 CONTINUE
A2=3,141E893/05
DB8=({BLOG(A2 )~P(2*D8)/ (RS ¥R1Y
DO €7 M= M3
GLA(MY=DE8+Gl A(M)
G2A(M)=0.
G2B(MI=0
G2C{MI=0.
G3A(MY¥=0 .

€7 CONTINUE
GO TQ a7

41 DO 25 M= M3
GLA(MI=0 .
G2A(M)=0.
G3IA{N)=0»




241
242
243
244
248
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
26¢
262
263
264
265
266
267
268
269
270
271
272
273
27a
27S
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290D
291
292
293
294
295
29%
297
298
299
300

2S5

t7

62

32

46

GIB({MI=0.

G28(MY=n,

G3B(M3}=0.

GLC(M)Y=0,

G2C(M)Y=0.,

G3C({M)I=0 .

CONTINUE

DO 13 L=1¢NT

RS=R7{L)

25=27(L)

N0 17 K=1,NPH{

W=Z5 4R5*C3(K)

R=SQRT( W)

SN=-S [N(R)

CS=Cas(r)

GA(K )=CHPLX (CS—=R*SN, SN+R.CS}/{(W%R)
CUONTUINUE

IF(R62,LEL.25) GO TO St
D6=0,

D7=0 .

DO 62 K=1NKPHI
w2=C2(K)

W=1le /(ZS+RS%W2)
WI=A(K)*SQRT(W)
DE=DE+WIkW2% Y

DT=D74W 13 «SH+WR{ Llat, 125k WERSKkW2%kW2) )
CONT {NUE

Wi=RE/ZS

w2 =PPR*Wl

W=SQRT(W2)

w3=1,+W2

R=SQRT(W3)

WA=SQRT(RS)
WS=ALOG{W¢R)

DB8==P 2% L6~ (W/R=W5)/ (R5*%4 )
D6=45%D8

D7=( (W/RE(Wl—( 4125+, 166666T*¥W2I/ W3 +1254WS)'RE+ ¢ SkWSE)/We~P 1 2¥D7

AI=AT(L)

A2=XT(L)*Al
A3=XTIL)#A2

K1 =0

DO 30 M={.M3

w=M+MaA

HtA=0,

N2A=0

H3A=0.

DO 32 K=t oNPHI

Ki=K 1+l

HIB=GA(K)
HIA=CA{ K1} *HIB+HILA
H2A=CS (K1) *HIB4+H2A
H3A=CEH( K1) *HIB+HIA
CONT {NUE
(F{R62.,LE+Z5) GO YO 44
HIASDO+MILA
HZA=D7=( WkWe La) $DESH2A
H2 A=W D8 4H3A
GLA{N)=ALRH1LA+GL A (M)
G2A(M)I=AL®H2A+G2A(M)
GIA(MNISALEHIALG IA (MY

P R
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301
302
303
384
308
306
307
308
309
310
31t
312
313
31a

315

36
317
38
319
320
321
322
323
324
325
326
327
328
329
330
In
332
333
334
335
336
337
338
339
340
344
332
343
343
345
346
347
348
349
350
351
352
353
354
385
356
387
358
359
360

GIB(MIZA2XHLIA4GLIB (M)
G2B{M)=A 2¥H2A+G 2B M)
G3IB(M)I=A2%kHIA+G3IA(M)
GICIMI=AZ*HIA+GIC(N)
G2C{MI=ABRH2A+G2C (M)
G3C(H)=AIXHIL+GIC (M)
CONT INUE

CONTINUE

A2=D(tP)

A3=,5%A2
WI=A3#H{RIXDI~-Z4 K02}
W2=—A3%R3%xD3
A3=DZ((P}

D&E=CR(!F)

DT=24 %D6

D9=D3%D6

HIC=(RL DG—-D2%(R3I*A3FD7) I%U
HI3C=A2%D 1%y
H2C=Z4%¥H3C
H3C=D3%H3C
W3=P3IR(RNI4XAI~DT7}
W4=P3¥(D2%xA3-DI)
WS=P3I*R| A3

JM=UN

DO 3t M=, M3

H2 A=GZ A N)
HIA=GLA( M)
H2B=G28¢{ M}
H1B=GI1B( M}
UC=W{AH2 A+ W2 ¢H]L A
UB=WIL*H2B+W2#41B

UF=W3x{H2A+D4xH2B }4WA #(H2BADAXG2C( M) Y+ WS (H IA+PARHIB4PSXTICI( M) )

UA=UC-UB
ug=ucCc+ug
UG=UA
UH=UB8
IFCIPNEJQ)Y GO YO 48
UA=PL1 A+ A
UG=r 1B8+UG
UB=pPtesue
UH=P 1C+UH
UF=P2 +UF
HIA=G3A(N)
H38=G 3B (M)}
UC=HT C*H3IA
UD=HL1C*H3B

361
362
363
363
365
366
367
368
369
370
371
372
373
374
378
376
377
378
379
380
381
382
383
384
385
386
37
388
386
390

2t

1e

23

24

22

3

16

ts

(F(IP,EGMP) GO TO 28
Y(K4) =UH

Y (K8 )=UE

GO TO 22

Y{KS )=Y {KS)+UC~UD
{F(IP.EGCs1) GO TO 23
YKL )=Y(KL}+UA
Y{KT)=Y{KT7)~UE

IF(IP ECMP) GO TO 22
Y{K2)=Y(K2)+UG
Y(K8)=UE

GO TC 22
Y{KS)=Y(KS)+UC~-UD
YiK6)=UIC+UD
[E(IPLEQW) GO TO 24
Y(KL1)=Y{Kl)Y+UA
Y{X3)=Y{K3)+UB
Y{K7)=V (K7} +UE

{FUIP £EQMP)Y GO YO 22
Y (K2)=Y(K2)+UG
Y(K4)}=UH

Y{K8)=UE

Y(KB+MY Y =UF

JM=JM+N2

CONT INUE

CONT (NUE

IN=JNN

CONTINUE

RETURN

END

UF=H2C* (H3ATDAXHIB) +HICKk (HIB+DAXGIC(M})

KIsI P+ M

K2=Kt 4{

K3=KI¢N

KAa=K2 +N

KS=K2+MT

K&E=KQ aMT

KT =K3+N2N

KB=K 4 #N2M

GO TO (18+208419)¥G
Y{K&¥=UC UL
[FI(LR,EQ.lY GO TC 2.
Y{K3)=Y(K3)+UR
YOKT7Y=Y (K7} +UE

g e g
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III.

THE FUNCTION BLOG

po01cC
002
303
004
00s
006
007
e08
009

The function BLOG(x) calculates log(x +

LISTING QF THE FUNCTIGN BLOG
FUNCT (O BLOG{X)

[F(XeGTeet) GO TO I

K2=X*%X
BLAG=((+075*X2= 4L 6666567 ) 3X2+1.4 ) *¥X
RETURN

BLOG=ALOG{X+SQRT (1 ++X*X) )

RETURN

ENOD

SRR A

v1+x2) for x > 0.

The method of calculation is described on page 56 of [1].

IR SR USRS SRR I NN TR

RN Ao DAy kP S




52

IV. THE SUBROUTINE PLANE

The subroutine PLANE(M1, M2, NF, NP, IN, NT, RH, ZH, XT, AT,
THR, RE, R) obtains the plane wave excitation vectors (72)~(75). If
IN # 2, PLANE stores the plane wave excitation vectors (72) and (73)
for the present H-field formulation in RE. If IN # 1, PLANE stores

te V‘be Vt¢ and V¢¢ of (74) and (75) in R. The minus signs

ni’ ni’> Tai’ ni
attached to Vii and Vn? transform the V's into plane wave measurement

vectdrs. Plane wave scaitering calculations are not done in this
report, but if they were done, plane wave measurement vectors would be
required. 1+ itd ‘is put in RE(i+(n~-M1)*2%N+(K~1)*(M2-M1+1)*2%N) for

ni
N = 2%NP-3
i=1,2,...NP-2
n = M1, Ml+1,...M2
K=1,2,...NF

Iiﬁe isdisplaced forward NP-2 locations from Ii;@ in RE. For Ii¢6

i§¢ is displaced forward N locations from I ;9

i¢¢ is displaced forward K locations from Iicb . The angle of inci-
dence Gt of (71) is THR(K) radians and K = 1 2,...NF. The storage

i""'lz,...NP-l. I

arrangement of VE?, ig, Vti, and V¢2 in R is the same as that of

the I's in RE., The arguments RE and R of PLANE are output arguments.
The rest of the arguments of PLANE are input arguments. Some of the
input arguments obtain variables in Part One of the text. The cor-

respondence is tabulated as

e s
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Input Text Variable Equation
Argument Number

NP P 9

NT D 79

RH kp(tg), i=1,2,...P 21

ZH kz(tg), 3 =1,2,...P 21
(ny)

XT 3% s, 4= l,2,...nT 79
)

AT A2 , &= l,2,...nT 79

Here, k is the propagation constant. Also, p(tg) and z(t;) are the
values of p and z at the point t = t; on the generating curve. This curve
starts at t = t; and ends at t = t_. It is assumed that P is not less

P
than 3. The input arguments NT, XT, and AT are Gaussiau quadrature

data.

Minimum allocations are given by

COMPLEX RE(2*%N*(M2-M1+1)#NF), R(2*N*(M2-M1+1)*NF),
FA(M2+3), FB(M2+3)

DIMENSION RH(NP), ZH(NP), XT(NT), AT(NT), THR(NF),
CS(NF), SN(NF), R2(NT), Z2(NT)

The I's and V's are calculated from (78) of the present report
and (124)-(127) of [1]. The index IP of DO loop 12 obtains p in these
equations. Wich regard to (79), DO loop 13 puts~% kﬁg and k%z in R2
and Z2, respectively. The index K of DO loop 14 obtains the Kth angle
of incidence. Nested DO loops 15 and 25 zccumulate S*FM—Z,a and S*FM-Z,b
in FA(M) and FB(M), respectively. Here, FM—Z,a and FM—2,b are given by
(79) and S is the normalizing constant for the Bessel functions. Accord-

ing to (9.1.46) on page 361 of [15],

A A S
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S = Jg(x) + 2J§(x) + ZJZ(X) + ... (93)

where the superscript u means unnormalized, Jm(x) are the cylindrical

Bessel functions of the first kind and

e m At v

x = kﬁﬁ sin Bt (94)

The logic inside DO loop 15 is the same as that inside <‘he DO loop 15
which appears in the listing of the subroutine PLANE on pages 61 and 62
of [11. If M1 = 0, lines 88 and 89 use the formulas

F—1,a - Fla
(95)
F e ™" Tip
tc store F_ and F in FA(1l) and FB(1l), respectively.

1,a -1,b
The index M of DO loop 27 obtains n = M~2, In DO loop 27,
*1t9

Ini is added to RE(Kl) for 1 = p-1

*1tD
Ini is put in  RE(X2) for 1=p

qu)e is put in  RE(K3)

ap

*

Init¢is added to RE(K4) for 1 = p-1
*

Init¢is put in  RE(XK5) for 1 =p

1dd
Inp is put in RE(K6)

The above I's are given by (78). The V's are given by (124)-(127) of [1]. Z
Location of these V's in R is similar to location of the I's in RE.




oot
002
003
00a
005
006
007
008
009
010
ot

012
013
0ta
01s
016
017
018
019
020
o2t

022
023
02a
025
026
par
028
029
030
031

032
733
03a
535
036
037
038
039
040
D4t

04z
043
naa
04s
546

0a7
pas

049
550

0st

052
053
054

055
056

057
0S8
059
060

tt

13

23

20
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LISTING OF THE SUBROUTINE PLANE

SUBROUT INE PLANE({ML ¢ M2y NFe NPy INs NT 4 RH¢ ZHe XT+AT s THR(RE (R )
COMPLEX RE{240)4R{240) sUsULIFALL10) +FB(1O0)+UALUBFLAJWF({BWF2A,F2D
COMPLEX U2,U3,U4,U5.CMPLX

DIMENSION RH(A3) ¢ZH{43) 4 XT(10) s AT(10) ¢ THR(31+4CS(3 )eSN(3)sR2(10)
DIMENSION Z2(10).83(S0O}

MP=NP=—{

MT=MP=1

N=MT+MP

N2 =2 #N 3
DO L1 K= NF i
X=THR(K)
CS(K}=COS(X)
SN(K }=S IN(X) 3
CONTUNUE N
U=(0 sel s) <
Ul=3, 141SS3%Ukk ML H
M3=M{ +{

MA=M2+3

(F{ML.EQ.Q) M3=2
NS=Mt+2

ME=M2 42

DO 12 [(P=l.NP

K2= 18

(=1P+1
DR=+S*{(RH(TU)-RH( [P)})
DZ=¢ S¥{ZH{()~ZH (P}
Di=SQORT {OR*DR+DZ *DZ2)
R1I=+25%(RH({I+RH(IP)) i
ZU= o SRCZH (L Y4 ZH( IP)) ]
D2=45*DR :
OR=D2/R1 i
DO 13 L=1eNT '
R2(LI=R 1 +D2*XT(L )

22(L)=Z1+DZ%XT(L)

CONT INUE

Wt == ,5%D1

W2==2.%D2

DO 14 K=1,NF

CC=CS(K)

SS=SN{K)

03=D2%CC

C4=-DZ%SS

05==0D1%C(C

w3=—2.t03

Wa==2,%kD4

WS== 45%xDS

00 23 M=N3 N4

FA{M =0

F8(M) =0,

CONTINUE

00 1S L=1eNT

X= SS*R2(L)

IF{X +GTe+S5E=7) GO TQ 19

DO 20 M=M3,M4 )
BJ(M)Y=0Q, 1
CONTINUE
BJ(2)=1,
S=1. f
GC TO 18 )

1
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061
062
063
064
06S
066
067
pes
069
870
o7t
072
073
074

075 -

076
677
078
679
280
o8t
082
083
084
085
086
as7
088
089
090
o9t

0e2
093
D94
095
096
097
098
099
100
{0t

102
to3
104
Los
106
107
108
109
110
Lt

ti2
13
114
tis
116
Ltz
tis
twy
120

19

16

17
24
18

25
15

26

21

22
28

M=2 88X+ 184=24 /X 121 U2=D 34F L ACUSHF A (M)

IF(XeLTeaS) M=11.84ALOGIO(X) 122 U3=D34F 1 BHUSHFB(M)

[E(MLTeME) M=M4 123 UL=D 23F 2A 1
BJ(MI=0, 124 Us=p2#28

IM=M={ 125 {F{1P.E£Qsl) GO TO 30 3
BJCINI =L o 126 RIKLI=R{KL) +U2-U3 ~
DO 16 J=4aeM 127 RIKa)=R{K4) +UA=US ;
J2=JM t2s IF(IP.,EQ.MP) GO TO 29 X
JM=J M- | 120 20 R(K2)=U2+U3 3
JisgM=1 130 R(KS)=UAS :
BJ(IMI=J I/ X*BI(J2)=BI(IM+2) 131 2% K2=K2+N2 1
CONT INUE . 132 UA=UB 3
S=0. 133 27 CONMNTINUE y
[F{M,LE.4) GO TO 24 134 14 CONTINUE

DO 17 J=AaeMe2 135 12 CONTINUE

S=S¢BJ(J) 136 RETURN

CONT INUE 137 END

S=BJ(2)+2.%S

ARG=Z2{L }%CC .
UASATIL)/S*CMPLX (COSTARG)s SIN({ARG) )Y
UB=XT{L)*UA

DO 25 M=M3, M4

FA(M)=BJ(M)RUA+FA(M)
FB(MI=BI(MI*UBH+FB(M)

CONTU{NUE 3
CONT {NUE 3
IF(ML.NE.0) GO TO 26
FA(L }=-FA(3)
FE(L)==FB(3)

UA=UL

DO 27 N=NS,M6

MT =M=t

MB=M+] )
F2A=UAK { FA(MB) +FA(MT })
F2B=UA%(FB(MB)+FB(MT))
UB=U*UA
FLA=UB®(FA(MB)-FA(NM7))
F1E=UB% (FB(M8)=FB(M7)})
Kt=K2=-1

K3=K2+MT

A=K L +N R
KS =K2+N E
K6=K3+N ;
IF{INJEG.2) GO YO 28
RE (K3)=Wak{ F2A+DR&F2E) :
RE(KS )=W3X{FLACDRAF 1B I4WARUAX(FA(M)ISDREFB(MY) '
U2=WIkF LA

U3=WL¥F1IB

UA=WSRF2A

US=WS¥F2¢8

IF(IPR.EG. L) GO TO 21
RE(K1)=RE(K 1 )¢U2-U3
RE(KA)=RE(KAa)+U4=USs
{F{IPJEQNP) GO TO 22
RE (K2} =y24152
RE(KS)=L .t %
(F{INEGLL) 7 TO 29
RIK3)=DS¥(Fal. YR*F28}
R(K&6)=D1 *(F 1AL QLFLB)
US=Da*UA

PR TR
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V. THE SUBROUTINES DECOMP AND SOLVE

The subroutines DECOMP(N, IPS, UL) and SOLVE(N, IPS, UL, B, X)

solve a system of N linear equations in N unknowns. The input to

DECOMP consists of N and the N by N matrix of coefficients on the left-

hand side of the matrix equation stored by columns in UL.

The output
from DECOMP ig IPS and UL.

This output is fed into SOLVE. The rest of
the input to SOLVE consisus of N and the column of coefficients on the
right-hand side of the matrix equation stored in B.

SOLVE puts the
solution to the matrix equation in X.

Minimum allocations are given by

COMPLEX UL(N*N)
DIMENSION SCL(N), IPS(N)
in DECOMP and by
COMPLEX UL(N*N), B(N), X(N)
DIMENSION IPS(N)
in SOLVE.

More detail concerning DECOMP and SOLVE is on pages 46-49
of [16].
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;

ootc LISTING OF THE SUBROUTINES DECOMP AND SGLVE v
002 SUEROUT INE CECOMP{N. [PS,UL) 5
903 COMPLEX UL(1600) +PIVOTEM i
004 DIMENS ION SCL(40)e IPS(40) ik
00S DO S I=1N t
006 tPS(I)=t 1
; 007 RN=0. y
X 008 Ji=t :
ol I 009 DO 2 J=t,N . Lé
b, | 010 ULM=ABS { FEAL (UL (J1} ) ) +ABS(ATMAGLUL(J 1))} g
3 ot JU=J1+N :
: 012. {F(RN=ULM) 1+2,2
013 1t RN=ULM
! 014 2 CONT INUE
oS SCL{U)=1./RN
. 016 S CONT INUE
e o017 NM1=N-1
A 019 DO 17 K=1 NN
. 020 B1G=0.
o p2t 00 1t t=K,N
- 022 P=1RS(1)
£ 023 IPK=[P+K2
024 S{ZE=(ABS(REAL (ULC IPK) ) ) +ABSCATMAG (UL (PK))))I%SCL(TM)
025 IF(SIZE-E1G) 11411410
; # 026 10 BIG=SI{ZE
N 027 tPv=t o
. 028 11 CONT(NUE [
[ D 29 IF(1PV=K) 14,15,14 gi
¢30 14 J= IPSCK) :
03t IPS(K)=IPS( IPV) :
o=2 PEl PV =Y ;
533 1S KPP=IPS(K)+K2 P
03s P IVOTSUL(KPP) by
035 KPt=K+1 . 7
036 CO 16 [=KP1,N i
037 KP=KPP b
038 P=(PS({ )4K2 b
. 039 EM==UL ({P)/P IVOY i3
| 040 18 UL({IP)=-EM ' i
| oat DO 16 J=KPLlsN 061 DO 1 J=1, 1Mt 7
: naz (P=1P4N 062 SUM=SUN+UL (IP) %X (J) :
043 KP=KP4+N 063 t (P=IR4N g
0as ULETPI=UL(IP)+EM®UL( KP) 064 2 X{(1)=B(IPB)~SUM }
. 045 16 CONT [NUE 06S K2=N#*(N-1) i
! 046 K2=K2+N 06e IP=tRS(N}+iK2 C
‘ 047 17 CONTINUE 067 X(NISX(N)IZUL(LP)
nas RE TURN oes DO 4 (BACK=Z2,N
049 END 069 {=NP L- 1BACK
050 SUBROUTINE SGLVE(NeIPS.UL+BeX) 070 K2=K2~N
0S1 COMPLEX UL (1600)+8(40)+X(40}4SUM OTI 1PI=(PS () +K2
052 DUIMENSION [PS(40) 072 [PL=1+}
053 ARPL=N+1 073 SUM=0 o
254 IP=(PS(t} n7a (P=tP( {4
055 X(1)=B(1P) 075 DO 3 J=(PL.N E:
056 DO 2 (=2.N 076 (P=TReN 3
0s7 te=(PS(1) or7 3 SUM=SUMAUL (IPIRX(J)
nss {PB=(P 578 4 XD =(X{)=-SUM)/uL(IPL)Y

(Mi=1{-t¢ 079 RETURN
SUNM=0. END
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Vi. THE MAIN PKOGRAM FOR THE H-FIELD SOLUTION

The main program for the H-field solution calculates the H-field
solution for the electric current induced on a conducting body of revolu-~
tion immersed in an incident plane wave. Input data are read according
to

READ(1,15) NT, NPHI

15  FORMAT(213)
READ(1,10) (XT(X), K
READ(1,10) (AT(K), K

10  FORMAT(5El4.7)
READ(1,10) (X(K), XK = 1, NPHI)
READ(1,10) (A(K), K = 1, NPHI)
READ(1,16) NP, BK, THR(1)

16  FORMAT (I3, 2El4.7)
READ(1,18) (RH(I), I
READ(1,18) (ZH(I), I

18  FORMAT(10F8.4)

[

1, NT)
1, NT)

(]

H

it

1, NP)
1, NP)

The input data obtain variables in Part One of the text. The input data

are tabulated versus text variables in the following chart.




¢
N
&
H
N
£
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Input Equation
Data Text Variable Number
NT n 35
NPHI n¢ 36
(nt) ,
XT X1 , &' = l,2,...nt 35
(nt)
AT Ay 5 &' =1L,2,0m 35
(n¢)
X Xy , &= 1,2,...n¢ 37
(n¢)
A A2 , &= l,2,...n¢ 36
NP P 3
BK k 69
THR(1) Gt 71
RH p(t;) , 3=1,2,...P 21
ZH 2(t7) , 3 =1,2,...P 21 |
:
() ()  (a) (n¢) 1

The Gaussian quadrature data o1 s Ag, » Xy , and AQ are given in
Appendix A of [10]. 1In the main program for the H~field solution, nT of
(79) is set equal to n . NP controls the order of the moment matrix Yl

of (86). This order is (2*%NP-3). THR is in radians. THR should be
either 0 or m depending on the direction from which the incident wave
approaches. The subscript on THR is for compatibility with the subroutine
PLANE. p(t;) and z(t}) are the values of p and z at the point t = t} on
the generating curve of the body of revolution. This curve starts at

t = t1 and ends at t = t;. P is the distance from the axis of the body

of revolution and z is the coordinate measured along this axis. RH and

ZH are in meters.

The main program for the H field solution calls the subroutines
YMAT, PLANE, DECOMP, and SOLVE. The function subprogram BLOG is also
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needed because 1t is called by the subroutine YMAT.
Minimum allocations are given by

COMPLEX Y(N*N), R(2*N), C(N)
DIMENSION XT(NT), AT(NT), X(NPHI), A(NPHI),
RH(NP), ZH(NP), IPS(N)
where
N = 2%NP-3
The t and ¢ components of the electric current are calculated from
(84) and (85). The coefficients IEP and I¢

1

pth elements of the vectors fi and f? which satisfy the n = 1 equation

in (10). DO loop 28 prepares RH and ZH for use in the subroutines YMAT

. in these equations are the

and PLANE by multiplying them by k. With regard to (10) line 41 puts

Yl of (86) in Y. Line 46 calculates IPS and changes Y. Line 47 puts
the excitation vectors %it and fi‘b

wave (69) in R. Line 47 also stores the excitation vectors for the ¢

for the ©§ polarized incident plane

polarized incident plane wave (70) further on in R but these vectors
are not used in the main program. In line 50, the output IPS and Y from
the subroutine DECOMP is fed along with N and R into the subroutine

>t >p
SOLVE, SOLVE puts Il and Il in C.

The pth line printed out under the heading JT contains the real
part, the imaginary part, and the magnitude of the normalized t component

(Jt)/lﬂél of electric current at ¢ = 0° and t = The pth line

t ..
ptl
printed out under the heading JP contains the real part, the imaginary

part, and the magnitude of the normalized ¢ component (J¢)/|§}lof electric

current at ¢ = 90° and t = tp. According to (69b),

t i

IV o M

where [ﬁi]z=0 is the incident magnetic field at z = 0. The sample input
and output data are for the sphere example of Fig. 2. The input array

ZH was constructed so that z = 0 at the center of the sphere.
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LISTING OF THE MAIN PROGRAM FOR THE H-FLELD SOLUTION
THE SUBPROGRAMS YMAT.BLOGs PL ANE, DECOMPs AND SOLVE ARE NEEDED

003/ /PGM JOB {XXXXeXXXXsblel) v*MAUTZ 4JOE' 4 REGEON=200K

.
|

| 0063 408

207
: 008
! 009
[ b 10
; ot
: 012
| 03

ota
. 015
016
017
018
019
020
D2t
022
123
! 024

n2s

026

027
' 028
! 029

030

531
: 032
f 033
038
035
036
627
038
039
040
0al
04z
pa3
0aa
nas
046
047
nasg
049
nso
oSt
ps2
053
054
555
0s6
057
psa
0 so
060

e A

e

1s

30

10

tt

12

13
14

16

17

18

19

20

28

29

23

2t

004,/ EXEC WATFIV
005/ /GC.SYSIN DD *

MAUTZ,.T {ME=5, PAGES= 60
CONPLEX Y(1600) +R(240) +C(40) sU.Ct
OIMENSTION XT{1O) s ATC 103 XU 48)sA( "8)RH{43)+ZH(A3Y s THR({3) ,1PS(40}
READ{1415) NTNPH!
FORMAT(21{3)
WRITE(3,30) ANT.NPHI .
FORMAT(* NT NPHI*/1X,13,(5)
READ(t+10) (XT({K) s K= ,NT}
READ(Ls 1O (AT(K)+K=1oNT}
FORMAT(SE14,7)
WRITE(3,s 11)(XT(K}¢K=14NT)
WRITE(3+¢12) (AT({K) «K=1 ¢NT)
FORMAT (' XT*/(iM:SEt447))
FORMAT(* AT'/(1 Xe5E1447))
READC Ly 1O)(X(K) ¢ K=14NPHL )

READ(1+10Y(A(K) ¢ K=t o APHI)

WRITE(3: 13)(X{K) +K=1,NPH{)
WRITE(3+14)(A{K)sK={ NPHL)

FORMAT(* XY/{1Xe5E14.,71)

FORMAT(® A'/{(1X+SE14,7))

READ( 1+ 1 6) NPyBKe THR( L)

FORMAT((3,2E14.7)

WRITE(3417) NP, BKsTHR( L)

FORMAT (! NP',6Xe"BK*412X4'THR'/ 1Xe 135 2E14,47)
READ{ 1« LEI(RH(1) 41 =1 NP)

FEAD(1218)(ZH{1)e I=1,NP)

FORMAT( 10F8.4) .
WRITE(3+19Y(RH{ 1) I=t NP)
WRITE(3+20){ZH( [} ¢l =1l NP}

FORMAT(' RH'/{iX+10F8.4)).

FORMAT( ' ZH*/{1X+10F844))

00 23 J=14NP

RH(J)I=BX*RH( J)

ZH(J)=BKeZH(JY

CONTINUE

CALL YMAT (Lol oNPeNPHIONT ¢ LeRHeZHeXeAsXToATe V)
MT=NP=2

N=2%&MT+{

WRITE(3+429¥(Y(J)sJd=t N}

FORMAT (Y Y*/(1X+6EL1144))

CALL DECOMP(N,IPS,.Y)

CALL PLANE(l ool sNPolaNTiRHe ZHeXTe AT sTHR+ReR)
WRITE(3423)(R(J) e d=1t 4N)

FORMAT (' RY"/(IX.6E1l .4))

CALL SOLVE(N.IPSeYesR )

U=(0 sl s)

WRITE(3.21)

FORMAT(* REAL JT IMAG JUT NAG JT*)
DO 2¢4¢ J=1t,MT

Cl=2/RH(J+L1)}*C(J)

Ce=CARS(CL)

WRITE(3,25) Ct.C2

FCRMAT(I1Xe3ELL.SN)

COGNY INUE

WRITE(3.26)

S i s i R




061 26 FORMAT (¢ REAL JP IMAG JP MAG JP ')
062 MP=NP~{
0463 DO 27 J={MP
D64 Cl=4, /(RH{JI+RH I+ 1)) XU C( J+MT)
065 C2=CABS(Cl)
066 WRITE(3,25) Ct.C2
067 27 CONTINUE
nes sTOP
069 END
SDATA
2 20

~0+5773S03E+00 0.5773503E+00
0.1000000E+01 0,1000000E+0t
-~ 0.9931286E+00~049639719E+00-0+9122344 E+00=0 8391 170E400~0 +7463319E+00"
~0 +6360537E400-0,5108670E4+00~0 +3737061E+00~0,2277859E+ 000+ 7652652E~01
0.76526S2E~01 0.2277859E+00 043737061 E+00 0 ,S103670E+00 0 .6360537E+00
0,746331GE400 0.8391 L70E+00 0 +9122348E+00 0.9639719E+00 0.9931286E¢00
0.1761401E—-01 0.,4060143E-0! 0.6267205E-01 0.,8327674E~01 0. 1019301 E+00
O+.11B81945E+00 0+1316886E+00 0+1420961E+00 0. 1491 73GE+00 0. 15275345+00
0.1527534E+00 0o 1491 730E+00 0.1420961E+00 0,1 316886E+00 0.+ 1181945E+00
0, l019301E400 0.8327674E~Cl 0.6267205E-01 0.,4060143E=01 G.176L401E-01
16 0.1256637E+01 0.3141593E+01
0.0000 0.2079 0.4067 0.5878 0.7431 0.3660 0.9511
0.866C 0.7431 0.5878 044067 0.,2079 0.0000
—1+0000 =0.978! —0.9135 —0.8050 ~0.,6651 =0.5000 -0.,3090
0.5000 066Gl 0.8090 0.9135 0.9871 1.0000
$STOP
7%
77/
PRINTED OUTPUT
NT NPHI
2 20
XT
~0.57735S03E400 0.S5773S03E+00
AT
0. 1000000E+01 0.1000000E+01
X
=0.993128B6E+00~0.963G7 19E+00-0 9122344 -
- 0,6360537E400~0+5108670E+00~0.3737061.  +2277859E+00—0 +7652652E-01
0.7652652E~01 (.22778S9E+00 0,3737061E4+Cs 1+ S1086TOE+00 0.5360537E+00
0.,7463319E+00 0+8391170E+00 0.9122344E+06 0.96397L9E+00 0 «993%.286E+0D
A
O+1751401E-01
0.1t81945E400
0.1527534E+400
0.1019301E+00

00,9945 0.,9945

~04104S 041045

J%wD +8391170E+00--0.7463319E+00

0+4060143E-01
0. 1316886E+00
01491 7302+00
0+.8327675E~0L

0.,6267298E-01 0.83276755-01
0.1420961E+00 (143917305400
0.14209615+00 0.1316886E+00
06267208E~01 0+4060143E~01

0,101930tE+00
0.1527S34E+00
0+.1181G45E+00
0. 17614801E~-0L

NP BK THR
16 0 12S6637E+01 0.3141593E+01
RH
0:0000 0.,2079 0s4067 2.5878 0.7831 0.8660 0.:95tt 09945 0.9945
08660 047431 0.5878 (0.4067 0.2079 0.0000
ZH

=140000 -0.+9781 —0+s9135 ~0+8090 ~0+6691 —0:sS000 ~0+30%20 -0+1085 0.,1045
0¢5S000 0.66S1 0.8090 049135 0.7871 1.0000
Y
0. 2086E+01~0.2338E-02
0 +5598€E=-0 1-0. 1382E-01
0.3981E~GLl=0.2964E~-01
0 247SE-01=0,6022E~-01
0. lA7SE~01~0.4458E~01

04421 LE+Q00-0+49I9E=(2
0+4CBEBE-01-0,19232-01
0¢3432E-01-0.+3398E-01
0.20655-01-0.42175-01
04l 306E-01-0+4490E=-01

0 ,6397E-01-0.,8888E=02
0,9455E-01-0.2463E-01
042937E-01=043752E=-01
0,1728S-01-0¢434RE-01
0 +9666E-03 0.6243E=0)

63

09511

0.3090

0.9511

0.+3050
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~019622E-03~0 . EBOZE-01-0+4589E~02-0.6791E-01-0,9512E~-02-0, $939E-01
«0s 151 7E~01=0:¢5297E~01=-0+2105E~01~0.4766E~01 -0 +2668E~01~0,4258E=01
—0 +31HAE-O1=~0¢32741E-01-0.3578E~01-0,3226E-01-0,3903E-01-0:2732€E-01
=0¢84137E=~01~0:2279E—01~0+4297E~01=041891 E-01~0 ¢4202E-01-0, {S88E~01L
~0+8484E-01-0+1262E-01-0,4470E-01-CG) 1 244E-01L

R

=0,283AE400—-0,+774EE+00-0:3436E+G0~-0sTA9IE+O0-0,4336T+00-0+6972E+00
~0:«5522E400—C+ CUITE+0D=0+8671E+00-0 2300 EHID~0 s 7509E+09~05 3088E 400
=0 +8L36E4+00-0,+ 106TE+00-0.8135E+00 0. 10C6TE+OD~0.7609E+D0 0, 3083 E0
~0E67IE+00 0+4800E+00=0 +S523E+400 0,60 37/E+00 ~0+4386E+00 0. 5972E4+00
—02+3454E+00 0 +7550E+00~0.27SLE+00 Q.78 10E+0D

0, 7267E4+00~0.2959E+00
0+3236E+00~-0.2602E+00
0.0000E+00 0.0000E+00
0+3236E4+00 0+2€03E+00
0.7281E+00 0.,2922E+00
REAL JUT IMAG JT
=~ 0:7989E+00~0+1959E+0 !
~0+9480E+00-0+1930E+01
=0 .1162E+01-D.1836E+0 1
~—0.,140EE+01~0.1658E+01
=0+1630E+01~0.1372E+01
=0:1763E+01~-0. $802E+00
=0 17S4E401 =0 5127E+00
-0+ 1S69E+01~0.2428E~01

~0+1218E+D ¢
~0s7475E+00
- 022945400
0e2592E+00
0 +6569E+00
0.9016E+00
REAL JP

0+ 7721E+0Q
08555 E+00
0., 99G5E+00
0 +1148E+01
0+ 1240E+01
0+1229E+01
0.1106E+01
0.9065E400
G« 701 0E4+00
Q0 .SS589E+00
G.5201%%00
0+5789E+400
0.6903E+00
0.81415+00
O« 89SBE+QQ

0 +4228E+00
0. 7772E4+00
0.1016E4+0 ¢
O, 1L46E+0L
0+1210E+0 ¢t
0. LI90E+D
(MaG Jp
0. 1878E+(0 ¢
0.+1782E+01
0. 1602E+01!
0«1333E+0 ¢
0.S9S7E+00
D+ ESESE+OD
Gs37H1E+0O
0e22175+00
0.2213E+00
0«32543E+00
0.5831E+00
0+ 780GE+00
0+5538E+00
0.1078£+01
0+1148E+01

0 +6295E+00~0+3378E+00
Qe lE26E+00-0.29Z1E4QO
04374E-01 0.16S2E+00
0. 3891E+00 £.3684E400
O«T778E+G0 $.2620E+00
MAG JT
0+.211S5E+01
Ce21S1E+0 L
0.2173E+CH
Ce21 7SE+DL
0.2130E+01
0.2C18E+C1L
0.1827€+01
0o 1SE6SE+O1
0.1289E+01
0.1 078E 401
0. 1042E401
0« LI74E+01
041377E+01!
0. 14G3E+0
MAG JP
0.2031E+01
0+ 1976E+01
0.1 888E+01
0. 17832+01
0: LS93E+D
0+ 13G4E+0 1
0.1168E+0 1
09332400
0473515400
C+6ELBE+QO
0« 7THES5E+00
0+S721E400
O+L177E+0 1
0. L3SLE+OL
0.1459E+0 1

0+ 7758E400-0.26TGEHD
0+4891E+QU~0,3684E400
0+443745-01-0+1652E400
0+1626E+Q30 0.2931E400
0.6295E400 0.33TREHD

B = T P S W

b ereblad f o L

awt
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VII. THE SUBROUTINE YZ

With regard to (10), the subroutine YZ(M1l, M2, NP, NPHI, NT, IN,
RH, ZH, X, A, XT, AT, Y, Z) puts in Y the moment matrices Yn defined
by (86).

moment matrices Zn defined by

With regard to (6) of [1], the subroutine YZ puts in Z the

~ -
St ;0
n n

Z = , n =ML, MI+1, ... M2 (96)
0t 00
n n

The Y obtained by YZ is exactly the same as the Y ohtained by the sub-
routine YMAY which is described and listed in Section II of Part Two,

The storage arrangement of the elements of Zn in Z is the same as the

arrangement of the elements of Yn in Y. The Z obtained by Y. is nearly
the same as the Z obtained by ZMAT of [1]. The greatest difference in
calculation is that, in accord with (68a), the second sum with respect
to &' in (97) of [1]) is replaced by the exact value of the correspond-
ing integral with respect to t'. The purpose of the subroutine YZ is

to obtain Y and Z more efficiently than by means of YMAT of the present
report and ZMAT of [1].

calculations done in YMAT of the present report are repeated in ZMAT of [1].

Increased efficlency is possible because several

The only outpul arguments of YZ are Y and Z. The rest of the argu-

ments of YZ are input arguments. The input arguments of YZ have the same
names and meanings as the input arguments of YMAT. Lines 13 and 14 put
of (31) in CT and CP, respectively. The subroutine YZ calls the ;:

)
function BLOG which is described and listed in Section III of Part Two.

¢ aund ¢
t

Minimum allocations are given by

COMPLEX Y (M3*N*N), Z(M3*N*N), GA(NPHI), GB(NPHI},
GC(NPHI), GD(NPHI), GE(NPHI), GlA(M3), GZA(M3), "
GIAMM3), GB(M3), G2B(M3), G3B(M3), GIC(M3),

G2C(M3), G3C(M3), G4A(M3), G5A(M3), GO6A(M3)
G4B(M3), G5B(M3), G6B(M3)
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DIMENSION RH(NP), ZH(NP), X(NPHI), A(NPHI), XT(NT)
AT(NT), RS(NP-1), ZS(NP-1), D(NP-1), DR(NP-1)
DZ(NP-1), DM(NP-1), C1(NPHI), C2(NPHI), C3(NPHI)
Ch4 (M3*NPHI), CS(M3*NPHI), C6(M3*#NPHI), R2(NT),
Z2(NT), R7(NT), Z7(NT)
flere, N and M3 are given by (87) and (88), respectively.

The elements of Yn are calculated from (23) and (24) with Gma
evaluated as in Section III of Part One. The elements of Zn are calcu-
lated from (48)~(51) of [1]. DO loop 11 puts ¢2 in C1, ¢§ in C2, and
4 sinz(% ¢2) in C3. ¢2 is given by (37) and 4 sinz(%-¢2) is needed in
order to evaluate (15) at ¢ = ¢2. With regard to (36), inner DO loop 29
puts

(n)
ﬁAg ¢ sinzé% ¢2) cos(n¢2) in C4,
(n,)
%-Az ¢ cos ¢2 cos(n¢2) in G5,
and
T (n¢)
E-Az sin ¢2 sin(n¢z) in C6.

The index JQ of DO loop 15 obtains q in (23) and (24) of the present
report and in (48)-(51) of [1]. With regard to (22d), line 75 puts
(IN)*(ﬂAq)/pq in P2. DO loop 12 puts kp' and kz' of (29) in R2 and 22,
respectively. DO loop 12 also accumulates the products of IN with
(23a), (23b), and (23c) in P1A, P1B, and P1C, respectively. The index
IP of DO loop 16 obtains p in (24) of the present report and in (48)-(51)
of [1]. Lines 114~120 put kdo of (32) in D6. 1If either case 1 of (30)
or case 3 of (51) is obtained, branch statement 26 sends execution to
statement 41. If either case 2 of (39) or case 4 of (60) is obtained,
execution proceeds to line 122. Lines 122-288 calculate Gma for case 2
and case 4., Lines 290-388 calculate Gma for case 1 and case 3. In cases
2 and 4, the integration with respect to t' is done first. In cases 1

and 3, the integration with respect to ¢ is done first. In all cases,
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G is stored in GmA(n - M1+1)

ml 3

m=1,2,3 ;

i sz is stored in GmB(n - M1+1) 97) i

- n =M1, MI+1,...M2
A Gm3 is stored in GmC(n - M1+1) g
- G is stored in GmA(n - ML+1) m = 4,5,6
: ma -
(98) |

G, is stored in GuB(n - MI+1) n o= M1, MI+1,...M2

K

The G's in (97) are defined by (25). The G's in (98) are defined by K

(56)-(57) of [1]. i

With regard to (41), DO loop 33 puts ; %

B (6) in GA(K) »

H2(¢K) in GB(X) K =,l,2,...n¢ | é

H3(¢K) in GC(K)

T [T

DO loop 33 also evaluates G, and G of (71)-(72) of [1] at ¢==¢K and puts
them in GD(K) and GE(K), respectively. The branch statement in line 133
is based on (48). DO loop 35 uses (49) to calculate Ha(¢K) of (41). The
index L of DO loop 35 obtains &' in (49). DO loop 35 uses the Gaussian

quadrature formulas

n

t .
c = z A(nt) -jkR g
a k.t S (99a) b
2'=1 kR b
e () (@) kR ‘ %
G, = 2'231 Agv X TSR (99b) ,

to calculate Ga and Gb of (71)-(72) of [1]. 1In (99),
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= r 2 Y _ 2 1 2 }_
R= )"+ @oz)” + dp 0'a1n’G 0y (200)
where
(n)
Aqxl' sin vq
| S
pt = pq + .2 (101a)
(n)
X1 Aq cos v
t -
z zq + > (101b)

DO loop 35 accumulates Hl(¢K), H2(¢K), H3(¢K), Ga’ and Gb
H3A, H4A, and H5A, respectively. DO loop 37 accumulates the sum on
&' in (44) for ¢ =1, 2, and 3 in H1A, H2A, and H3A, respectively. DO
loop 37 accumulates Gal and Gbl of (79)-(80) of [1] in H4A and H5A,
respectively. If kR < .5 where R is given by (100), then lines 154-159

use (89) and -

in H1A, H2A,

-jkR 2 4 2 L .6
e- -1 . 1, (kR)™  (kR) ‘(o (kR)~ _ (kR) (kR)
®C REF T 720 TG 1+- 120t 50400 (102)
in order to put
(o)
Az,t G - -l—§ —~§%§ in H1B (103a)
(kR)
and
(n) -jkR
t -1
Ay (—e—k—ﬁ———) in H4B (103b)

If kR > .5, lines 161-165 calculate H1B and H4B directly from (103).
Lines 173-199 put Ia of (47) for o = 1,2, and 3 in W1, W2, and W3,

regpectively., Lines 173-199 also put Ga2 and sz of (87)-(88) of [1]
in W4 and W5, respectively. Il, Ig’ and Ga

G

are even in t_ . I, and
2 0 2

b2 10 Tpo Iy 2

replaced by Itol and then the signs of I2 and sz

areodd int . I G ., and G, ., are calculated with t
o a2 b o

are changed if to is

negative. Line 173 puts kto in Al,

U

A,
A S e - oa B
s e s
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In line 182, d2 is compared to 10—5r§q. If d2 f_lO_Srgq, then

little confidence can be placed in the calculated value of d2 because
2

rpq and ti are very close to each other in (46b). If

a% < 10732
- pq

1
el <38,

then statement 52 stops execution because an accurate value of Il can

not be obtained. However, if

1
el 25

then accurate calculation of I1 may be possible. If Itol - %~Aq is
appreciably greater than dz, then the approximation (90) can be in-

voked. Line 184 puts the right-hand side of (90) in W4. Lines 187-190
calculate the logarithm term in (47a) according to (91). This logarithm

1s stored in W.

Nested DO loops 45 and 46 calculate (50) for n = Ml + M-1 where
M is the index of DO loop 45. The index K of DO loop 46 obtains & in
(50). Nested DO loops 45 and 46 also calculate (91)-(93) of [1] and (91)-(93)
of [1] with a replaced by b. The results of these calculations are
stored according to (97) and (98). With regard to (68a), lines 271-279

put
(n¢)

o A 20 T 20 T
) 2 e log | =+ J1 4 (-2
33 ,¢ 33 A A
2k7p” =1 9 A 5, k'p q q
q + (3 q
¢ GH)
L 20
q
in D8. Line 280 puts in D9 the term which 1s present in GSa in case 4
but not present in case 2. Replacement of the second sum with respect

UL T R ST I N SR AN T L

sy e et = v

e

IO R T LI AP - LT SP: PP
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to &' in (97) of [1] by the exact value of the corresponding integral
with respect to t' and use of (99) of [1] give

n n '
¢ (n) t (n) -jkR
=IY— q) t PQJ'Q,
GSa 2 Z AZ cos ¢2 cos(n¢£) éi Az, e D9 (104)
=1 47=1 kR .,
P’
where
% (n,) A A 2mp
D9=-—'kzzﬂ—' z Azq)log-?—p—c%F'*l- l+(§a%‘)2 '+—1-<—§—-log-l§—g‘+
q %=1 q'2 q' q q
27p 9 2Tp A A 2
1+ DT |+t loglo + [+ ()

(105)
2m yAIS
q q pq pq

Line 280 puts the right-hand side of (105) in D9.
to Gll and D9 to GSa' DO loop 67 also sets G

DO loop 67 adds D8

91? G22, G23, and G31 equal to
zero. These four G's are set equal to zero when p=q because the exact

values of the coefficients by which they are multiplied in (24) are zero
then.

The index L of DO loop 13 obtains &' in (35) and in (62)-(63) of
{11. With regard to (36), DO loop 17 puts G(u,¢K) in GA(K). With regard

~IRR are
to (64)-(66) of [1], DO loop 17 puts (e P )/(ksz,z) in GD(K). If

(59) is not true, line 318 sends execution to statement 51. Lines 319-340
calculate the terms in (57) which do not involve G(u,¢2) and the terms in

_ij 2
(94) of [1] which do not involve (e P

lates

1

2)/(kRp2'Z)' DO loop 62 accumu-

i et

LS b

elag i Clasashed ] citern

s akm, B s
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(n
§
=1 4y

)

>

in D9.

Line 337 puts the coefficient of n in (57¢) in D8. Line 338 puts the
portion of (57a) which does not involve G(u,¢ ) in D6. Line 339 puts
in D7 the portion of (57b) which involves neither G(u,¢2) nor (n + 1).
Line 340 puts din D9 the terms in (94) of {1] which do not involve
(e‘Jksz'z
H1A, H2A, and H3A, respectively. DO loop 32 also accumulates G4’ 5 and
G6 of (64)-(66) of [1] in H4A, H5A, and H6A, respectively. The index M
of outer DO loop 30 obtains n = M + Ml-1. If (59) is true, lines 368-370
add to H1A, H2A, and H3A the terms in (57) which are not present in (36)
and line 371 adds to H5A the terms in (94) of [1] which are not present
in (65) of [1]. Lines 372-380 do the sums with respect to &' in (35).
Lines 381-386 do the sums with respect to £' in (62)-(63) of [1].

)/(ksz'z)' DO loop 32 accumulates Gy 2, and G3 of (36) in

Lines 389-509 use the previously calculated G's of (97) and (98)
to obtain the contributions (23) and (24) to the elements of the moment
matrices Yn and the contributions (48)-(51) of [1] to the moment matrices
Zn. The index M of DO loop 31 obtains n = M + Ml-1. Lines 437-438 put
G7a and G7b of (54)-(55) of [l] in H4A and H4B, respectively. The sub-
scripts K1, K2,...K8 defined in lines 452-459 have the same meaning as
in Table 2 on page 50 of [1]. The variables UA, UG, UB, UH, and UF
incremented for p=q in lines 425-429 are intended for Y(K1), Y(K2), Y(K3),

Y(K4), and Y(K9), respectively. Y(K9) is reserved for (Yi(b)pq of (244).

B P S 0 S WA NS T SRR

a2 R A N D i b« S0 b gL
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oot LISTING OF ThE SUBROUTINE YZ

002 THE SUBROUTINE YZ CALLS THE FUNCTION BLOG
Jo3 SUBROUTINE YZ(ML M2 ¢ NPeNDH I NT s INeRHyZHe Xe As XTe AT Y 2)
! ooa COMPLEX Y(1£00) 4Z({1600)+UsULlsU2+U34US,US yUSsHLAGH2A,H3A,GA(48)
‘ 005 COMPLEX GB({4B).GC(lA83,GD(48)+GE(48)+HIBH2B+HIBLHICH2C, H3IC o HAA
| 006 COMPLEX HSAHEA ¢HAB ¢HSB +sHEBLUAWUBUCsUDJUEGUF+GLATLD Y4G2A(10)
' 207 COMPLEX G2 A(LU)+GIB(10 )Y G2E(10)4G3B(10)9sGIC(10)+4G2CL 10) +G3CL 10)
, 008 COMPLEX G4AL 10) ¢GSA{10) ¢GEA{L10)+G4B{L0) +GS5B(10)GEB(10),CMPLX
! 009 COMPLEX UG.UH
! ©10 DIMENSION RH(43) +ZH(43) 4 X{38) 2 A(48) 4 XTL1 0} AT(10),RS(42),25(42)
i o1t DIMENSTON D(42)¢DR(42),DZ2€42),DM(42),C1(48),£2(48),C3(48)+C4(200)
o012 DIMENSION CS{200)+C6(200)sR2(10) ¢Z2(10) «R7(10)42Z7(¢10)
| 013 T CT=2.
c1a CP=, 1
{ 01s DO 10 [=2,NP
; ot6 t2=1-1
. 017 RS((2)=,5%(RH{ [ )+RH([2))
4 nLs ZS{12)=.5%(ZH{ 1) +ZH{ 12)})
i 019 DU=,5S*(RN(1)-RH( 12))
! 020 D2=4 5% (ZH(T)=2H(12))
! 021 D( (2 }=SQRT (D1*D1402%D2)

DR(12)=D1
DZ(12)=D2
OM(I2)=D(12)/RS(12)
CONT TNUE
M3I=M2-ML+1
M4=ML-1
P12=1.570796
PP=G,86G5€E04

DO 11 K=1,4NFHI
PH=P (2% (X{K}<+ )
ClL{K)=PH

C2(K }=PH#*PH
SN=S IN{ +5%PH)
C3{K )=4 , *SN*SN
Al=PI2%A(K)
Da=, S*A t #C3(K)
D3=A1*¥COS(PR)Y
DE=A LS IN{PH]}
ME=K

D0 26 M=1{ M3
PHM= (M4 +M) *PH
A2=COS(PHM)

C4 (MS)=Da%A2
CH5(MS)I=DE*A2

CE (MS )=CE*S IN(PHM)Y
MS=MS4NPHT

CONT INUE

CONT INUE
PN1=,7853982% 1IN
PNZ=8.%PN{

U=(0 esl e}

Ul=, 5%y

U222 «#U

MP=NP=1

MT=MP-1{

N=MT&MP

N2 N=MT %N

N2=N*N

JNz=1{ =N




061
0 62
063
0 64
065
066
067
068
069
070
D71
072
073
074
075
076
or?
078
079
080
D 8t
082
083
084
385
086
8087
088
089
090
0ot
092
593
0%a
095
056
897
098
099
100
{0t
to02
103
108
105
1 06
107
L1088
109
1o
tut
112
13
tts
118
116
117
ti8
119
t 20

12

40

73

DO 1S JO=1.MP
KQ=2

[F(JQ.EQ.1) HQA=1
(F(JG.EQ.MP) KO3
R1=R S(JLQ)

21 =25(JQ)
Dti=D(JG}
c2=0R{JG)
D3=D0Z(J0)
Da=b2/R1

DS=D L /R

sSv=Dp2/01

cv=D32/01
PL=PNL%*D1
P2=PN2%DE

P3=2 ,%D1

PA=2,%D4

PS=D4 *D4

pe=D 1 *D1

E7=P 5#D1

T6=C T%D1

TE2=T6+#D 1 3
Y62=TE£2%T62 k
R6=CP%R1 5
RE62=R6%XR6 4
PLA=O0 ., 3
PLE=0, 3
P1C=0., g
DO 12 L=1NT -
DE=XT (L) §
R2 (L) =Rl +D2*D6&
Z2(L)=214D3%D6
D7=P1%RAT(LI/R2(L)
D8=% +—~D6

D9 =D8%xD7

PLA=P A+D8XDS
D&=1 «+ 406

PtB=0 {B+D6¥DS {
PL C=P1C+CHEXDOEXDT ;
CONT {NUE !
DO 16 [P=1,4MP i
R3=RS(IP)

23=2S((P)

R4A=R1=R3

24 =21~13

U3=D2%uUl

Ua =03 *U1

DD 40 L=1sNT

07 =R2(L}=-R3

0D8=z2{L)=-23 i
R7 (L )=R3*R2 (L)
Z7(L)Y=D7*D7+D8% D8
CONT [NUE
PH=R4*SV+24%CV

At =ABS (PH)
A2=ABS({Ra*CV=24¥SV)
D6=A2

IF(AL.LE.D1) GO TQ 26
06=At-D1
DE=SQRT(DE*D6+ A% A2)

e e faig 8

j&myﬁg

gl
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121
t22
123
124
128
t26
t27
128
129
t30
13t
132

133

134
13s
136
137
138
t39
140
141
142
143
L44
tas
146
147
148
149
150
151
152
183
154
158
186
157
158
ts9
160
161
162
163
L6a
165
166
167
té6s8
169
t70
171
t72
L73
{74
178
L 76
L77
178
L79
180

26 (F{IP NEJOANDS(R6+GT.DEORTELELDSY)Y GO TO AL

34

t4

43

37

Z25=RA%R4+24%2Z4

RS =R3 *R1

PHM=,S%R3I%k SV

DO 33 K=1+NPHL

A1=C3(K)

RR=Z5+RS #Al

H1A=0,

H2A=0

H3A=0.

HAA=(D o

HSA=0.

(F(RRWT T62) GO TO 34

DC 35 L=14NTY

W=Z7(L)+R7(L)I%AL

R=SQRT{(W)

SN=-S IN{R)

CSE=C0OS(R)

D6=AT (L }/R
H1B=DE/WHCNPLX(CS=RA*SN,SN+R&C5)
HLA=HIB+H1A

H2E=XT(L })*H18

H2A=H2B +H2A

H3A=XT(L)*H2B+H3A

H4B=D EXCMPL X(CSe SN)

H4 A=HAB+HAA

HEA=XT{ L )*H4B+HSA

CONT INUE

GO TO 36

DO 37 L=1eNT

W=ZT7(LI+R7(L)*A

R=SQRT (W)

[IF(R+GT,45) GO TO 14

CS=R¥ (Wk { s 6F44844E=2~Wk, [ 7T36111E=3}~,125)
SN=Wk{ +3333333E~1-W¥, L190476E~2)~+3333333
HLB=AT{L }*CMPLX (CS+SN)

CS=R* (W& ( +416666TE~ 1=, 13888B9E~2%W)=:5)
SN=WX(W¥(,19841 26E—3%W=,833333IE~2)+.1666667)=1.
HAB=AT(LY®CMPLX(CSsSN)

GO YO a3

SN==SIN(R)

CS=CasS(R)

D6 =AY (Ly¥/R

HIB=DO* ( (CMPLX{CS=R¥SN+SN+RECS )=l ¢}/ W=,e3}
HO B= D6 RCMPLX(CS~14+eSN)
HLA=HI1B+HLA

H2B=XT{(L )*H18

H2A=H2B+H2A

HIA=XT(L ) *H28+H3A

H4A=HAB+HAA

HSA=XT (L ) *HAB+HSA
CONT{ NUE

Al=PH+PHM*AL

A2=ABS(AL)

R=RR-A2%A2
D6=A2-D1

D7=A2+01

D62=D6*D6

O72=D7*D7

08=SQART(DE2+R)

i RSNt 1
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4
181 DS=SCRY (072 +R) ;
182 (F(R=-(RR*1 ,E~SY) 52,552,583 ;
183 82 (E(D6.L.T.0.) SYOP 4§
184 W4z.5/062-,5/D72 ;
185 GO TO Sa :
186 €3 W4=(D7/09-D6/D8) /R C
187 €4 IF(D6.GEO:) GO T0 38 "‘
188 W=ALAG((D7+09) (D6 +08)/R) o
189 GO TO 39 g4
t90 38 wW=ALOG((D7+D9)/(D6+08)) i
191 39 WIS (WAa+.5%W) /0t F
192 WS=A2 /D1 E
193 W2=C +5% (D9-DB8I~ 1« /094 1.,/D8)/PE- WSk W] :
1o W3=(25% (DT*DG~DO6*DB ) tW-R*¥ (WA+125%W ) )/PT=WSk (2, kW24 W5S*W L) f
195 WA=W/D1L 3
196 WS=(09~Da~A2%W) /PS5 - F
197 IF(AL.GE.D.) GO TO 27 ; :
198 W2==W2 3
199 " 5o— WS 5
200 27 HLA=WL+HLA %
201t H2A=W2+H2A 3
202 H3A=WI+NIA 3
203 HAAZ= R +HAA 3
204 HS A=WS+RSA 3
205 36 GA{K)=H1A 3
206 GB(K)=H2A >
207 GC{K)=H3A 5
208 GD(K)=Ha A 3
209 GE(K) =HSA :
210 33 CONTINUE i
211 Kt=0 3
212 DO 45 M=1 M3 g
213 H1A=0. %
218 h2A=0 . a
25 H3A=0¢ ;
216 HLB=0 o i
217 H2B=0, B
218 h3B=0 . i
219 H1C=0, i
220 H2C=0 o d
221 H3C=0. ﬁ
222 ha A0 , §
223 HSA=0. y
224 HEA=Q g
225 HaB=0, i
226 5820 . 3
227 HEB=0, k|
228 DO 46 K= 14NPHL p
229 Kl=Kt+1 4
230 DE=C4{K 1)
231 D7=CS (KLY 3
232 DB=C6(K1} 3
233 UA=GAa(K) i
234 UE=GB(K ) g
235 T=GC(KY :
236 UD=GD(K )
237 UE=GE(K)
238 HIASDEXUA+N LA
239 H2 A=CT7HU A+H2A
240 K3A=D X UA+HIA
A e - e -
o & Comet N . e e
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241
242
243
244
245
246
247
248
249
250
251
282
253
254
288
256
287
2%8
259
26¢
261
262
263
264
26S
266
267
268
269
270
27!
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
P87
288
2R9
290
291
292
293
294
29S
296
297
298
299
309

46

48

€7

al

H1B=D &k UB+H1 B
H2B8=0D7¢UB+H2D
H3B=DH*UB+H3IB
HIC=DEXUC+HIC
H2C=D7%UC+H2C
H3C=08%xUC+H3C

H4 A=DEXUD+HAA

HSA=D 7%UD+HSA
HEA=DB*UD+HOA
HAB=D6XUE+H 4B
HEB=0T*XUE+HSB

H6B=D &XUE+H 6

CONT {NUE

GLA{MY=H1IA

G2 A(NY=H2A

G3A(M)=H3A

GlB8{M)=HIB

G2B{(M)=H28

G3B(M)Y=H3B

GIC(M)=HIC

G2 C({N)=HaC

G3CI(MYI=H3C

CAA(MI=H4A

GSA( M) =HSA

GEA(MI=H6A

G4B(M)=H4B

GSBIM)=HSE

G6B (M) =HEB

CONT {NUE

(F{IPNE+JQ} GO TO 47
Al =053*DS

D8=0.

D9=0 .

DO 63 K=1,NPH!
D8=D8+A{K)I/SQRT{C2(K)+Al)
DS=D9+A(K)*BLOG(DS/CL(K))
CONT INUE '
A2=3,141593/05
D8=(BLOG(A2)-P{2%C8)}/(R5*R {)
D9=2, /R1*(BLOG{A2)+A2%BLOG(L /A2 )})=3.,141592/D1%09
00 67 M=1.M3
GLA(NMY=DE+GLA(M)
G2A{M)=0.

G2e(NY=0,

G2C{M)=0.,

G3A(NYI=0.,
GSA(M)I=DG+GEA(M)

CONT INUE

GO TO 47

D0 25 M=l 4M3
GLA{M)I=0.

G2A(MI=0,

G3A(M)=0,

GLE(MY=0

G2B(M)I=0.

G3E(M)=0 .,

GLC(MI=0.,

G2C(MY=0»

G3C(M)Y=0Q,

GAA(M)=0.,
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30t
302
3063
304
305
306
307
308
309
310
3t
312
313
318
318
316
317
318
319
320
321

322
323
324
325
326
327
328
329
330
33t

332
333
334
335
336
337
338
339
340
341

342
343
348
345
246
347

348
349
350
351

352
353
354
355
356
357
158
759
360

25

GSA(M)YI=0,

G6A(MI=0,

G4B{(M)=0.,

GSE(M)I=0

GEB{M)I=0 .

CONT INUE

DO 13 L=1NTY

RS5=R7 (L)

26=27(L)

DO 17 K=14NPHI
W=ZS+R5%CI(K)
R=SQRT(W)

SN=-SIN(R)

CS=COS(R)
GA(K)=CMPLX{(CS~R¥SN,SN+R*CS) /{(W*R)
GD(KI=CMPLX (CS+SN}/R

17 CCNTINUE

€2

(F(R62.,LE.25) GO TO €1
D6=0.

D7=0 .

D9=0.

DO 62 K= 14 NPHL
w2=C2({K)
W=1,£{(Z54R5%W2}
Wi=A(K)®XSGRT (W)
DE=D6IW L N2 *VW
D7=DTHWIEH(¢S+WE (Lo, 25k WERSEW2EW2 ) )
D9=DI9+W 1

CONT{ NUE

WI=RS5/25

. W2=PPxgl

51

W=SQRT(WZ2)

W3 =1 . tW2

R=SQRT{(W3}

W4=SCRT{R5)

WS=ALOG{W+R )}

DB8==P (2% C6-{W/R=W5)/ (RS*W4)
DE=+E*%D 8

77

D7=((W/RE(WI=(+125+,166666T4N2)/W3}+,125%HS)/RE+.S*¥WE)/WA=-P12*D7

DI=WE/Wa~-pP(2%D9
Al =AT (L)
A2=XT{L Y3
A3=XT{L)#*A2
K1=0

D0 30 M=1 M3
w=M+Ma

HL A=0.

H2A=0.

H3A=0.,

HAA=( o

HY A=0 »

HE6A= 0,

00 32 K=1+NPHI
Kez=Kiet
HIB=GA(K)
wa=C4(K1)
wS=C5 (K1)
Wo6=C6(K1L}
HLA=WARHLD+HIA
H2A=WS®H {B+H2A
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361 H3IAaWEEH {BA+H3A

3162 HIB=GD(K)

363 Mo A=Wa *¥H I BeHAA

364 HSA=W5%H B +HSA

365 H6 A=WE *HIB4+HOA

366 32 C3NTINUE

367 (FIR62.LE«Z5) GO YO 44

368 HIA=SDG+H LA

369 H2A=D7—(W*W+1 .} 25 ¢#HIR

370 HIA=WkDG+H3IA

371 H5 A=D9 +HSA

372 44 GLA(MISALEHLA+GL A(M)

373 G2A{M)=AL XH2A+G2A(M}

374 G3A(MI=AL¥HIA+GIA(M)

375 GIB{MI=AZ2*H p+G 1 B(N)

376 G2B(M)Y=AZ2HH2A+G2B (M}

377 G3B{H )= A2*HIA+G3B(M)

378 GICI{M)=AZRH{ A+G 1 C (M)

379 G2C(M)I=AREH2A+G2C (M)

380 G3C(N)=AZEH3A+G3IC (M)

381 GAL(M)=ALRXRAA+GIA(M)

382 GS5A(M)=ALXHSA+GS A(N)

383 GEA{MI=AL¥HEA+GEA(M)

384 GABIN)=A2*H4 ASG4 B (M) 3

385 GSB(M)=A2%HEALGSE(M) ﬁ

386 GHR(MI=A2KHEAGE BIM) é

387 30 CONT {NUE

388 13 CONTINUE &

389 4T A2=D{tP) 3

390 ATI=S5€22 ;_}J

391 WIl=A3I*(RA*D3I-Z24 4D}

392 w2=—A3%R3% D3 4

393 A3=DZ( [P} A

394 C6=DR{IP)

395 D7=Z 4%06

39%€ D9 =D3*D6

357 HIC=(RI¥DG~D2*(R3I*AI+D7) I* U

3903 D8=A2%Dt

399 H3C=D &%y

400 H2 C=Z4% H3C

401 H3C=D3%KH3C

402 W3="3*(RA%XA3~DT)

403 Wa=P3%(C2%A3-D9 )

ana W5=P3¥R L%A 3

405 AL=DR((P)

406 US=A 1%U3

407 Ub=r %04

408 D6==D2%A2

409 D7=D1L2AL

410 A3=DM(LP)

411 JM=JN

a2 DO 31 M=l4M3

413 H2A=G2A(M)

41a HIA=G LA (M)

418 H2B=G2B (M)

416 HIB=GIB( M)

417 UCSWL*H2 A+W2%H LA

418 JBEW LRH 28+ WokHL B :

419 UF=W 3% ( H2A+DAXH2B )4+ WAX(H2B +DARG2C( M) )+ WSk (HIA+PAEHIB+PSEGLC( M)} §r

420 UA=UC~UB §
i - ¥ LR R
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321 us=uc+uB

422 UG =UA

423 UH=Us

424 IF(IP.NEL.JC) GO TG A48

429 UA=PLACUA

426 UGs=rPtB+ UG

427 uUg=riB+UB

428 UH =P {C+UH

429 UF =P24UF

430 43 H3IA=G3IA(M)

431 H3B=G3B(M)

432 UC=HICXkH3A

433 UD=HIC*H3B

434 UE=H2CH (H3A+D4xH3B) +H3Cx (H3B+D4%G3C(M))

435 HSA=GSA (M)

436 HSB=GS5B( M)

437 H&eA=GAA(M)4HSA

438 HAB=G4B { M) +HSB

4 39 HEA=G6A (M)

340 HEE=GEB( M)

LY 3 H3A=UEE*HSA +UEXH AA

442 H1B=US*xHSB+UHEHA B

443 HUA=H3A-HIB

444 H2A=H3A+HLI B

3as H3A=—U 1 *H4A

446 Hi B=D6*% HGA

[ % 4 W=M+M4 481 ZOKTY=Z({ kK7)+H3B~HAA

448 Al =W% A3 ) 482 fF(IPEQMP) GO TO 22

449G H28=D6%xHE6B~A L*¥H4A 483 23 Y{(K2)=Y(K2)+UG

450 H3B=C7* (HOA+D4*H6B) 484 Y{K8)=UE

451 HAA=WED SHHAA 485 Z(K2)=Z(K2)+Hl A-H3A

452 Ki=1{B+JM 486 Z(KB)=H3B+HAA

453 K2=K {41 687 GO TG 22

454 K3 =Kl +N 488 20 Y{K5)}=Y(KS)+UC-UD

4585 Ka=K2+N %89 Y{ K6)=UC+Ud

456 KS =K2 +MT 490 Z{KS)=Z(K5) +HIB~H2B

457 K6=4+MT 4Gt Z{ K6 )Y=HL B¢H2 B

458 K7 =K34N2N 492 IF(IP£QWL) GO TO 24

459 KB8=KL+N2N 493 Y(K1)=Y(KL)4UA

460 K9 =K8 +MT 494 Y{K3)=V(K3)4+UB :
461 GO TO 118+20419) +KQ 495 Y(K7)=Y (K7 )+UE '
862 {18 Y(K&E}I=UCUD 496 ZEKII=2Z{K1)+HLA+H3A )
463 Z{K6)=H1B+H28 437 2(K3)=Z({K3)4++2A~HIA E
464 (FUIP.EQ.l) GO TC 21 498 Z(K7)=Z{K7)+H3B=HAA :
455 Y(RI)=2Y(K3Y+UB 399 IF(IP.EQ.MP) G0 TO 22

466 Y (K7 Y=Y (K7 }+UE 500 24 Y(K2)=2¥({ K2)+US

467 Z{K3)=Z(K3I)+H2A~-H3A 501 Y (K&} =UH

468 Z{K7 }=2Z(KT7 }+H3B-HAA 502 Y{(KE)=UE ‘
469 IF(IP,EQsMP) GO TYC 22 3503 Z(K2y=2(K2)+HlL A=H3A :
470 21 Y{K4)=uUH 504 Z(K&)=HR2A #R3A :
471 Y{K8)=UE 50% 2({KB8) =H3IB+HEA ;
472 Z{K4)=H2A+H3A 506 22 Y{(K9)=UF ;
873 Z{KS)Y=H3IG+HAA 507 ZIKYI=U2*{DB¥(HSALDARIHSB )= AL *HEA Y }
474 GO TQ 22 508 JMZJMAN2 ;
875 £9 Y(X5)=Y(KS)Y+UC~UD 09 31 CONTINUE k
476 Z{KS1=Z(K5) +HIB~H2B Sto L6 CONTINUE

877 [F{TP.EQsl) GO YO 23 st JN=JN4N

478 Y{KUI=Y (K1)+UA 512 1S CONT(NUE

879 Y{KT}=Y (K7 )+UE St3 RETURN

4830 Z(KUI=ZIK L I+HLA+HIA Sta END
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VIII. THE MAIN PROGRAM FOR BOTH THE H-FIELD AND E-FIELD SOLUTIONS

The main program for both the H-field and E~field solutioms
obtains the present H-field solution and the E~field solution of [1]
for the electric current on a conducting body of revolution immersed
in an incident plane wave. Input data are read from punched cards.
These input data are the same as those for the main program for the

H-field solution which is described and listed in Section VI of
Part Two.

The main program for both the H~field and E-field solutiomns
calls the subroutines YZ, PLANE, DECOMP, and SOLVE. The function
subprogram BLOG is also needed because it is called by the sub-

routine YZ
Minimum allocations are given by

COMPLEX Y(N*N), Z(N*N), RE(2*N), R(2*N), B(N), C(N)
DIMENSION XT(NT), AT(NT), X(NPHI), A(NPHI), RH(NP),
ZH(NP), IPS(N), IPT(N)

where
N = 2%*NP-3

The t and ¢ components of the present aniela solution for the
electric current are calculated from (84) and (85). The t and ¢ com-
ponents of the E-field solution of [1] for the electric current are
also caiculated from (84) and (85). 1In the present H-field solution,
the coefficients It and I(p in these equations are the pth elements of

1p 1p

the vectors f? and f? which satisfy the n=1 equation in (10). 1In

the E-field solution of [1], these coefficients are the elements of the
vectors f; and f? which satisfy the n=l equation in (6) of [1]. DO loop
28 prepares RH and ZH for use in the subroutines YZ and PLANE by multi-
plying them by k. With regard to (10), line 42 puts ¥, of (86) 1in Y.
With regard to (6) of [1], line 42 puts Zl of (96) in 2. Line 45 calcu-
lates IPS and changes Y. Line 46 calculates IPT and changes Z. With

regard to (10), line 47 puts the excitation vectors fit and fi¢ for the ©

AL mt ot et e pre o o
A I L PPN L SR B SR O S D

s o
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polarized incident plane wave (69) in RE. With regard to (65 of [1],

t and —V¢ for the 6 polarized incident plane

line 47 puts the vectors 31 1

wave iaR. Line47 also stores vectors for the ¢ polarized incident plane

wave (70) further on in RE and R but these vectors are not used in the

main program.
In DO loop 36, JHE = 1 obtains the present H-field solution for

the electric current and JHE = 2 obtains the E-field solution of [1]

for the electric current. In line 55, the output IPS and Y from the

subroutine DECOMP is fed along with N and RE into the subroutine SOLVE.
t

SOLVE puts the solution f; and ff to (10) in C. Lines 59~64 put %l

%? in B. In line 67, the output IPT and Z from the subroutine DECOMP
SOLVE puts the

and
is fed along with N and B into the subroutine SOLVE.

solution f; and f? to (6) of [1] in C. The t and ¢ components of the
normalized electric curreat are printed out under the headings JT and JP,

The normalization is the same as in the main program for

respectively.
The

the H-field solution which is described in Section VI of Part Two.

sample input and output data are for the sphere examples of Figs. 2

and 4.

E O L AT R T A S v b s s B e e
PRI S TR i BT R N AR S S e .
;

BESRES




82

001 ¢C LISTING OF THE MAIN PROGRAM FOR BOTH THE H—F{ELD AND E-FISLD SOLUT tONS
po2c THE SUBPFROGRAMS YZ.BLOG, Pl ANEs DECOMP, AND SOLVE ARE NEEDED
DO3//PGM JOB (XXXXoXXXXslal) o "MAUTZ ¢JOE* 4 REGL ON=200K

004/ /4 EXEC WATFIV

00S //G0«SYSIN DD #*

006s 408 MAUTZ,+T IME=S,PAGES=60

007 COMPLEX Y(1600)¢Z(1600) +RE(240)¢R(240) +B(40),+C(A0),U,C)

008 DIMENS {ON XT(10)+AT(10Ye X(48)s AL 48)RH(43),ZH(43) 4 THR(3) +IPS(40)
009 DIMENSION [PT(A0)

010 READ(1+15) NT.NPH(

ot 1S FORMAT({2(3)

o112 WRITE(3,320) NT:NPHIL

o3 30 FORMAT(®' NT NPHI*/1X,1(3,1(5)

ota PEAD (14103 {XT(K) +K=1,NT)

ots ) READ(1+10)(ATI{K) oX=14NT)

016 t0 FORMAT(SEL&.7)

ot WRITE(3+ 1) (XT(K} K= NT)

018 WRITE(3s 12) (AT(K ) oK= 14NT)

etL9o Ll FORMAT(' XT*/(LXesSELA,T))
020 12 FORMAT(* AT*/(1X+SE14.7))

621 READ( 1+ 10) (X (K) ¢ K=1 4 NPH!)
022 READ({t, LO)(A(K) ¢ K=L,NPHL)
523 WRITE(3413) (X(K) +K=t ,NPH{)
024 WRITE(3, L4)(A(K)sK=L NPHT)

02% 13 FORMAT(' X'/({1X+5E14,7))
026 14 FORMAT(* A'/(1Xs5E14.7))

027 READ(1+16) NPyBKy THR(1)Y
028 16 FORMAT (13, 2E14,7)
p2g WRITE(Z,17) NP:BK,THR{1)}
030 17 FOPMAT(' NP EXe'BKY 12Xy *THR*/{X1342E14.7)
231 READ(1 41 8Y(RH{T}sI=1 NP}
032 READ( 1y 18} ZH{ I ) s I=14NP)
333 {18 FORMAY(10FR.4)
334 WRITE( 3y LGY(RH( L))o [=14NP)
33s WEITE(3420Y(ZH{ 1) 4 U= o NP)
036 19 FORMAT(' RH'*/(1Xs10F8,4))
037 20 FORMAT({' ZH*/(1X+10F8.4)}
038 DO 28 J=1NP
039 RH (JY=BK¥RH(J)
0a0 ZHC J)Y=BK*ZH( J)
N4t 28 CONTINUE
042 CALL YZ{ lsl eNPoNPHT JNT ol +yRHeZHo X oA XToAT 4 Yo 2Z
043 MT=NP=2 .
044 N=24M T+1
04as CALL CECOMP(N, IPS,.Y}
046 CALL DECOMP (N PT,2Z)
0a7 CALL PLANE(Lole LeNPo 29 NT o RHy ZHy XTs ATo THR 4RE ¢R )
g nag U=(0sotls)
%‘ 049 DO 36 JHE={,2
it 0s0 GO TO (33434),.JHE

ps 33 WRITE(3+429)(Y(J)eJ=1eN)
ns2 29 FORMAT(' Y'/(IXeBE(1.4))

SIS

053 WRITE(343S)(RE(JI)J=14N)
054 35 FORMAT(' RY/(1X6ELL1.4))
085 CALL SOLVE(N+IPS+Y+RE+C)
nse GO T4Q 32

DS7 38 WRITE(3¢31M(Z(J)eJ=14N}
0S8 31 FORMAT(' Z'/(IX+6EL1164))
059 DO 22 J=teMT

Néo B(J)=R(J)




83

o6t JUTI4NT

062 BCJU)=>=R(J41)

063 22 CONTINUE §
D 6s B(N) ==R (N} 1
065 WRITE(2,23)1(B(J)eJd=1eN} i
066 23 FORMAT( Y E'/(IX+EELL +4)) i
067 CALL SOLVE(NGIPY 4248, C) ;
068 22 WRITE(3,21) :
969 21 FORMAT(® REAL JT {MAG JT MAG JT%) :
070 DO 24 J=1,MT i
071 C1=2 o /RH(J+ 1) %C( I} {
p72 C2=CABS(C1) ;
073 WRITE(3,25} Cl1,C2 i
573 25 FCRMAT(1X,3E1ll.4) .
075 24 CONT INUE ;
276 WRITE(3,426)

07T 26 FORMAT(® REAL JP {MAG JP MAG JPY)

078 MP=NB=|

079 DO 27 J= 1, MNP

080 Cl=44/({RE{JI4RH (J+1) ) 2UR C(J4NT)

08t C2=CABS(C1)

pez WRITE(3,25) Cl.C2

083 27 CONT (NJE
08a 36 CONTINUE

08s sTOP
D86 END
$ DATA

2 20

=~ 0+.5773503E+00 0.S773503E+00
0.1000000E+0t 0.1000000E+01
= 09931 286E+00~03+S639TISE+00—-0+9122344E+00~083ISL170E+00~D +7463319EH0
=0+6360537E400-0 +510B8670E+00-0 43737051 E400~0,2277859E+00~0,7652652E~01
0.76C826C2E~01 042277BSSE+00 0+43737061E+00 0.S108670E+00 0 +63605S37EHOD
0+s746331SE+00 0.8391170E400 049 122344E4+00 (0 .96397195+00 0.9931286E+00
Cel7614C1E~0t 0.,8060143E—01 0.6267205E-01 0,8327674E~01 0 ,10193I01E+0)
CelLBIGASE+00 0. 1316886E4+00 0.1420961E400 0, 1491733E+00 0.1527534E+00
0+ 1S27S34E+00 01491 730E+00 01422961 E+00 J,1316886E+00 D+ 11815355400
0.tO019301E+D0 0,.8327674E~01 0.6267205E~01 0,40601A3E-01 0,176142{E~01
LE 0.1256637E+01 0.3141593E+01
0.0000 02079 0.,4067 0.5878 0.7431 0.8660 0.9511 0.9945 00,9925 0.95%1
0.,8660 047331 0,5878 0440867 0.2079 0.0000
-1.,0000 -0.9781 =0.,9135 =0,8090 ~0.6691 ~0,5000 =-0.3090 ~0.1085 00,1045 0.3090
0.5000 0.665! 0.8090 09135 0.9871 1.0000
$ STOP
/%
4
PRINTED QUTPUT CCNSISTS OF THAT FROM THE MAIN PROGRAM FOR THE
H—-F{ELD SOLUTION (N SECTION VI OF PARY TWO PLUS THE FOLLOWING LINES, a
Z
0.6733E-01-0,1108E+02 0.6205E~01 0+31625+01 0.53995-01 0,839aE+00
0+341SE-01 0+ 3LL2E400 O0+336SE~0! 0.,1593E+0) 0.,2345E~0! 0.9534E-01
Q+1437E-01 0+6834E-01 0.69195-02 0.4F765—01 0.1242E-02 0.4132E=04
=0.2739E~02 0¢3823E-01-0+5271E~02 0.3745E~01~0 :67285=02 0.,377T3E=C1
—0.7250E~02 0+385SEE-01-0.,75845~02 0,3880E-01~0,15035+02 0.6952E-0I .
0.271SE+01 Q+6766E-01 0+4763E+400 046412E=0L 0.1369E+00 0,5914E-01 !
0+742TE-0 1 Q0+ CIIEE-01 Co52225-01 0+4656E~01 0.4S50LE-0t 0.,3977TE-0L ‘
0:4250E-01 04331 7E-Q1 0+41675~0t 0,2706E-0l 0 ,A120E=-01 0,2t65E~01
0+4074E-O01 0+ I707E-01 0.,4026E-0t 0+13395-0l 0+3982E-0! 0.,1064E-0!
0+ 3I996E~0Ll 0 +E7S3IE~02 043906E~01 0+,7696E=Q2
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~0¢27S4E+00~0, 7S3GE+00—0+ 31 20E+00-0.6811 E+00~0 +3507E+00-0+5623E+00
~0e36A5E+00~0 +308SE+00-0.32865E400~-0.2433E4+00~-0+,2313E4+00~0.1012E+00
=~ 0,8351E~01=0, {840E~01 0.8351E~01—~0.1840E=-C1 0 +2313E+00-0.,1012E#00
0 328EE+00-0.,2433E4+00 0+3645E+00-0,4085E+00 0.3507E+00-0, 5623E+00
0.3106E+00-D6BL7E+00 0.2697E+00-0.7S59E+00 (. 7801E+400~0,2694E+00
Ge 764 1E4+00~04 31LLIE+QO0 0, 72E8BE4+00~0.3900E400 0 .6583E4+00~0.4958E+400
X 0 +SSOSE2U0-0+EL28E+00 0+39955400-0,7201E+00 0,2107E+00-0. 7956E+00
l =~ 0+s0000E+00~0, 8227E+00~0+2107E4+00-0+795S6E+00-0 +3995E+00-0.7201E+00
! ~0+5508E400~0 s E128E4+00-0+65E3=4+00-0.49585+00~0+ 72685+00-0,3900E+00

RIS e

T

3

! ~ 0s7764E+00-0,311 CE400~0,T793E+00-0,2626E+0D

REAL JT

IMAG JT

MAG JT

~ 0,8238E+00~0.,1G71E+01 0.,2137E401
~0s9777E4+00-0.1907E+0
~0,1186E+01-0,1802E+01
~0.1421E+0 -0, {620E+01
-~ 0. 1629E+01-0,1337E+01
-0 +t7SLE+0 1=0,S54€EE+OQO
~0.1733E+01~0,5013E+00
=0+ IS535E40 1-0,2843€E-01

~0. 1196E4+01
~0.7315E+00
-0,2158E+00
0.2653E+400
0,6631E+00
0+S285E+400
FREAL JP
0.79G7TE+00
0.9274E4C0
O0+.1071E+0UL
0WJ221E40!
0,1312E+01
0+1297E+01¢
O+ 1166E4+01
0,956 LE+0O0
0+ 7409E+00
0 .5921E400
0.EE0EE+00
0.6120E+00
0.723724+00
0 «8687E+00
0+98472+00C

0.+,404SE+00
0 7483E+00
0.G839E+00
0 1LIEE+OY
0+.1182E+01
0. 1196E+0 1t
I{MAG JPR
0:1970E+01
0-1833E+01
0.1645E+01
0.1262E401
0., 1014E+0O 1
0 .6571E+00
0o I656E+00
0 .2058E+00
0+ 2063E+00
0..3454E400
0. 5635E+00
0«7924E+0C
0. S6G4E+00
0.1113E+0 1
0« L1GAE+OL

0.2143E401
0.2158E+401
C+2154E+01
0.2108E+01
0. 19S54E+01
0.1804E401
O+t S4SE+0O Tt
0.1263E+01¢
O+ 1047E+01L
0+.1008E€+01
Qe LL1AT7E4O L
0.1355E401
O« 1SLAE+OL

MAG JP
0.2126E+01
0.2054E+01
0.1963E+01
0+1829E+01
0.1658E+01
0+1484E+01
0. 1222E+01L
0.+.9780E+00
0. 76G1E+00
0.685SE+00
0.7880E+00
0. 100tE+O01
0., 1210E+01
0. t412E401
0+ 1547E4+01
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